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@ A method of preparing an infection-resistant medical 
device comprising one or more matrix-forming polymers 
selected from the group consisting of biomedical polyurethane, 
biomedical silicones and biodegradable polymers, and anti- 
microbial agents, especially a synergistic combination of a silver 
salt and chlorhexidine (or its salts); also disclosed are medical 
devices having the synergistic composition therein or composi- 
tions thereon. 
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Description 

Infection-Resistant Compositions, Medical Devices and Surfaces and Methods for Preparing and Using 
Same 


5 Background of the Invention 

The present invention relates to infection-resistance compositions, medical devices and surfaces and to 
methods for using and preparing the same. This application is a continuation-in-part of U.S. Patent Application 
Serial No. 254,920, filed February 11, 1988. 
Medical devices for use externally or internally with humans or animals can serve to introduce bacterial, viral, 
10 fungal or other undesirable infections. Certain prior art devices become unworkable after a short period of 
time, and must be replaced. In the case of urinary catheters, for example, frequent replacement can cause 
excessive discomfort to the patient and prolonged hospitalization. In the case of intravenous catheters used 
for critical care patients, infections can themselves prove life threatening. Additionally, there is always a threat 
of exposure to infectious contamination from surfaces that contact patients, from surgical gloves, and from 
15 other medical gear and apparatus. 

To prevent such contamination, medical devices can be treated with an antimicrobial agent. Known methods 
of preparing an infection-resistant medical device have been proposed in U.S. Patents Nos. 3,566,874, 
3,674,901, 3,695,921, 3,705,938, 3,987,797, 4,024,871, 4,318,947, 4,381,380, 4,539,234, and 4,612,337. 
In addition, antimicrobial compositions useful as coatings for medical devices or for forming the device itself 
20 are disclosed in U.S. Patents Nos. 3,699,956, 4,054,139, 4,592,920, 4,603,152, and 4,667,143. However, such 
known methods are somewhat complicated or deficient in the results obtained. The art has great need for 
medical devices which are able to resist microbial infection when placed in the area of the body to which it is 
applied and which provide this resistance over the period of time which it remains in place. At the same time, 
these desirable characteristics must be achieved without sacrifice of other well recognized desirable 
25 characteristics. In the case of catheters, for example, it is important that any coating thereon leave a surface 
which provides a minimum of resistance to insertion of the catheter and which does not release a toxic 
substance to be adsorbed by the body. 

Furthermore, some uses of antimicrobial metal compounds including silver salts in antimicrobial coatings 
for medical devices are known. Also, chlorhexidine and its salts are known to be powerful antiseptics, but the 
30 combination of chlorhexidine with silver nitrate has been shown to have prophylactic properties in burn 
therapy. In addition, the combination of chlorhexidine and sulfadiazine is known in topical applications to 
exhibit synergism against strains of Pseudomonas, Proteus, and Staphylococcus, as disclosed in Quesnel et 
al, Synergism between Chlorhexidine and Sulphadiazine , Journal of Applied Bacteriology, 1978, 45, 397-405. 

35 Summary of the Invention 

A principal object of the present invention is to provide an improved method of preparing an 
infection-resistant medical device which will impart antimicrobial activity to the medical device through a 
sustained and controlled activity rate over an appreciable period of time, without hampering the 
biocompatibility of the surface and other intended functions of the device. A further object of the present 
40 invention is to provide an infection- resistant medical device having superior antimicrobial properties. 

Still another object of the present invention is to provide an antimicrobial composition useful in providing an 
antimicrobial coating on medical devices. 

In accordance with the first embodiment of the present invention, there is provided a method of preparing an 
infection-resistant medical device which comprises 
45 (a) preparing a coating vehicle by dissolving a matric-forming polymer selected from the group 

consisting of biomedical polyurethane, biomedical silicones, biodegradable polymers and combinations 
thereof in at least one solvent therefor; 

(b) incorporating at least one antimicrobial agent in the coating vehicle to form a coating composition; 

(c) coating a medical device with the coating composition; and 
50 (d) drying the coating medical device. 

It is preferred in the first embodiment that the antimicrobial agent be a combination of a silver salt and a 
biguanide and further preferred that the antimicrobial agent be a combination of a silver salt and a member of 
the group consisting of chlorhexidine and its salts. Also useful are chlorhexidine alone or in combination with 
nonoxynol 9, or pipracil as well as silver sulfadiazine in combination with nonoxynol 9. 
55 in accordance with a second embodiment of the present invention, there is provided an antimicrobial 
composition comprising a mixture of (a) chlorhexidine and its salts, and (b) a silver salt. 

Further, in accordance with a second embodiment of the present invention there is provided a method of 
preparing an infection-resistant medical device which comprises incorporating thereon or therein an 
antimicrobial agent comprising (a) a member of the group consisting of chlorhexidine and its salts, and (b) a 
60 member of the group consisting of silver and its salts. 

The second embodiment of the present invention further provides an infection-resistant medical device 
having a coating thereon comprising (a) a member of the group consisting of chlorhexidine and its salts, and 
(bj a member of the group consisting of silver and its salts. 
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Another embodiment of the present invention still further provides a method for coating a medical device to 
provide an infection-resistant coating thereon which comprises the steps of: 

(a) dissolving a matrix-forming polymer in a solvent therefor; 

(b) dissolving an antimicrobial agent selected from the group consisting of chlorhexidine and its salts in 

a solvent which is miscible with the solvent polymer mixture prepared in step (a) ; 5 

(c) dispersing a silver salt in one of the solutions prepared in (a) or (b) ; 

(d) combining the solvent solutions and dispersions prepared in steps (a), (b) and (c) to provide a 
coating vehicle; 

(e) applying the coating vehicle to the surface of the medical device; and 

(f) drying the coated medical device. 10 
In addition, the present invention provides an antimicrobial composition useful in applying an 

infection-resistant coating to medical devices which, in use, will exhibit a sustained activity rate over an 
appreciable time period. 

Detailed Description of the Invention 15 

Surfaces which may embody the present invention can be generally any surfaces that contact patients or are 
important in health care, including table tops, hospital beds and various specific medical devices. Medical 
devices are those for use both externally and internally and include, for example, urinary, both internal and 
external, and intravenous catheters, contraceptives such as condoms, medical gloves, such as surgical and 
examination gloves, wound dressings, drainage tubes, orthopedic, penile and other implants, wound clips, 20 
sutures, hernia patches and arterial grafts. The devices or surfaces, sometimes generally together referred to 
as "surfaces" herein, can be made of a variety of natural or synthetic materials such as metals, plastics and 
polymers, and including Dacron®, rubber, latex, collagenous substances, silicone, polyurethane, polyvinyl 
chloride, Teflon®, polypropylene, polyethylene, polyflactic acid), polyglycolic acid, cotton, silk, stainless steel, 
porous ceramics, and porcelain. 2 S 


Definitions 


The following specification refers to a number of microorganisms in describing the invention or its use. 30 
Unless otherwise stated, the following are the generally recognized names of the microorganisms, together 
with their source: 


Staphyloc 


Candida albicans 


i Source 

aureus clinical isolate- 

Columbia Presbyterian 
Hosptial New York, New 
York 

clinical isolate- 
Columbia Presbyterian 
Hosptial New York, New 
York 

clinical isolate- 
Columbia Presbyterian 
Hosptial New York, New 
York 

ATCC No. 11651 


It is also noted that unless otherwise stated, the concentrations and ranges expressed as percentages (5), 50 
indicates the respective value based on weight of solid per volume of solvent. As an example, a 1% 
polyurethane in a solvent coating vehicle comprising tetrahydrofuran (THF) represents 1 gram of polyurethane 
in 100 ml of THF. On the other hand, in expressing relative proportions of two or more solvents in a coating 
vehicle, the percentages given are on a vol/vol basis. 

55 

Polymeric Coating Agent 

The polymeric coating agent component of the coating vehicle of the present invention is selected from the 
group consisting of biomedical polyurethanes, biomedical silicones, biodegradable polymers and combina- 
tions thereof. It has been found that these particular polymeric materials enable the antimicrobial agent of the 
second embodiment of the invention to be retained and released in an active state on the coated medical 60 
device over an appreciable period of time, e.g., from about 12 to in excess of 21 days. 

Selection of the coating vehicle depends upon the specific composition of the surface of the device to be 
coated, and the characteristics sought. For example, a polyurethane catheter is preferably coated with a 
formulation based on a biomedical polyurethane matrix-forming material. A silicone rubber catheter, on the 
other hand, preferably is provided with a coating having a silicone rubber as a matrix-forming material. It has 65 
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also been discovered that a final thin coat of a silicone fluid after a first coating of biomedical polyurethane or of 
silicone rubber imparts surface glossiness and lubricity to the catheter. Thus, multiple, combined coatings, 
described in greater detail below, can also be achieved with improved characteristics. 
In addition to polymeric coating compositions, the antimicrobial compositions of this invention may be 
5 applied to surfaces of medical devices in powder form, preferably under conditions which cause adherence of 
the powder to the surface of the device. For example, medical gloves, such as surgical or examination gloves 
fabricated from latex, polyurethane or polyvinyl acetate, may be coated with a powder containing the 
antimicrobial composition, as will be explained below in more detail. 

10 A. Biomedical Polyurethane 

In accordance with the first embodiment of the invention, the essential polymeric coating agent component 
of the coating vehicle is biomedical polyurethane, since it has been found unexpectedly that polymeric 
materials of this class enable the antimicrobial agent to be retained in an active state on the coated medical 
device and released over an appreciable period of time, e.g., from about 12 to in excess of 21 days, without 

15 altering the biocompatibility, lubricity and non-thrombogenicity of the surface. Suitable biomedical 
polyurethanes include both the ether-based polyurethanes and the ester-based polyurethanes described on 
pages 175-177 of Controlled Release of Biologically Active Agents , by Richard W. Baker, John Wiley and Sons, 
1987; the ether-based compounds are preferred. A thorough discussion of a number of proprietary biomedical 
polyurethanes is found in Polyurethanes in Medicine , by Michael D. Lelah and Stuart L. Cooper, CRC Press, 

20 Inc., Fla 1986, pp. 57-67. 

The following is a listing of proprietary biomedical polyurethanes that are useful in accordance with the 
invention: 

1. Biomer®, which consists of 4,4'-diphenylmethane-diisocyanate (MDI) and low molecular weight 
polytetramethyleneoxide (PTMO) segments with diamines as chain extenders. A proposed repeat unit 
25 chemical structure for Solution Grade Biomer® is: 


30 



2. Acuthane® is a block copolymer which contains 10% polymethylsiloxane and 90% polyetherure- 
thane. 

3. Pellethane® is an aromatic ether polyurethane. Pellethane® 2363 (80AE) is not crosslinked and is 
readily soluble in dimethylacetamide, tetrahydrofuran, or N-ethyl pyrrolidone. The 90A of the same series 

40 contains crosslinks due to the excess of isocyanates present during the polymerization process and is 

therefore more difficult to solubilize. 

4. Rimplast® is a silicone urethane made with either aliphatic or aromatic ethers or esters of 
polyurethane and a reactive, high molecular weight silicone to form an interpenetrating network (IPN). 

We have found that best results are obtained using Pellethane® 2363-80AE, one of a series of thermoplastic, 
45 segmented elastomers sold under the designation Pellethane® by Dow Chemical Co. These materials are 
described at p. 60 of Lelah et al, supra . Another suitable product is Biomer®, which is conveniently available as 
a 30 wt.o/o solution in N, N-dimethylacetamide (DMAC) described at pp. 57-58 of Lelah et al, supra . Another 
suitable material is Rimplast®, a series of biomedical urethanes containing silicones, reacted to form a series 
of interpenetrating network modified silicones containing polyurethanes. A description of these materials are 
50 found on pp. 61-63 of Lelah et al, supra . 

The prior art, such as U.S. 4,667,143, fails to distinguish between various polymeric coating agents. The 
patent states that any one of a long list of resins may be mixed with an antimicrobial metal compound to 
provide antimicrobial coatings on medical devices. The working examples of the patent utilize either ABS 
polymers or alkoxy curing RTV silicone rubbers. Quite unexpectedly we have found that the specific 
55 application of biomedical polyurethanes as a coating agent is superior to all other known polymeric coating 
materials. This discovery was made by first determining the relative solubilities of various polymeric coating 
agents in equal amounts of DMAC and ethylacetate. The results of this screening test are shown in Table I. 
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TABLE I 

Solubility of Various Polymers in Solvent Comprising 50% DMAC + 5QQ/o Ethyl Acetate 

1. POLY (ETHYLENE) NS 

2. POLY (METHYL METHACRYLATE) s 

3. POLY (ETHYLENE-MALEIC ANHYDRIDE) NS 

4. POLY (CAPROLACTONE) s 

5. POLY (VINYL ALCOHOL) MW 25,000 NS 

6. POLY-3-HYDROXYBUTYRATE 5x10 s NS 

7. POLY (ETHYLENE OXIDE) MW 4,000,000 MS 

8. POLY (BUTANEDIOL-1, 4-TER E-PHTHALATE) NS 

9. POLY (HEXAMETHYLENE DODECANEDIAMIDE) NYLON NS 

10. POLY (VINYL ACETATE) MW 500,000 S 

11. POLY (VILIDENE CHLORIDE-ACRYLONITRILE) 80:20 S 

12. POLY (HEXAMETHYLENE SEBACAMIDE) NYLON NS 

13. POLY (PROPYLENE, ISOTACTIC) NS 

14. POLY (ETHYL METHACRYLATE) g 

15. POLY (STYRENE-MALEIC ANHYDRIDE) s 

16. POLY (STYRENE ALLYL ALCOHOL) s 

17. POLYACRYLAMIDE NS 

18. POLY (ISO-BUTYL METHACRYLATE) S 

19. POLY (VINYL PYRROLIDONE) s 

20. POLY (PROPYLENE, CHLORINATED, 65<Vo) S 

21. POLY (N-BUTYL M ETHACRYLATE-I S O-B UTYL METHACRYLATE 50/50) S 

22. POLY (VINYL CHLORIDE-VINYL ACETATE) S 

23. POLY (ACRYLIC ACID) MW 4,000,000 NS 

24. POLY (HEXAMETHYLENE ADIPAMIDE) NS 

25. POLY (N-BUTYL METHACRYLATE) S 

26. POLY (CARBONATE BISPHENOL A) NS 

27. POLY (LAURYL LACTIM) NS 

28. POLY (CAPROLACTAM) NS 

29. POLY (ACRYLAMIDE-ACRYLIC ACID SODIUM SALT) 700/o CARBOXYL HIGH CARBOXYL MW NS 
200,000 

30. POLY (VINYL ALCOHOL) 880/o MOLE HYDROLYZED, MW 25,000 NS 

31. POLY (ACETAL) RESIN NS 

32. POLY (STYRENE-ACRYLONITRILE 75:25) S 

33. POLY (METHYL VINYL ETHER/MALEIC ANHYDRIDE) NS 

34. POLY (SULFONE) RESIN S 

35. POLY (VINYLDIENE FLUORIDE) S 

36. POLY (TETRAFLUOROETHYLENE) NS 

37. POLY (VINYLDIENE CHLORIDE/VINYL CHLORIDE 86:12) S 

38. POLY (VINYL BUTYRAL) MW 100,000-150,000 S 

39. POLY (p-VINYL PHENOL) S 

40. POLY (ETHYLENE-ACRYLIC ACID 92:8) NS 

41. POLYURETHANE (DOW PELLETHANE® 2363-80AE) S 
S = READILY SOLUBLE NS - NOT SOLUBLE 

After rejecting the insoluble polymers, steps were taken to coat the soluble polymers, i.e., those identified in 
Table I as numbers 2, 4, 10, 1 1, 14, 15, 16, 18, 19, 20, 21, 22, 25, 32, 34, 35, 37, 38, 39, and 41, upon catheters to 
determine which formed stable, workable coatings. Both urinary and I.V. catheters were used, and for this test, 
the urinary catheter was fabricated of latex and the I.V. catheter of Pellethane® 2363, 90A, described above. 
Two different coating formulations were used having the following formulations: 

1.1"/o chlorhexidine acetate (CHA) + 6% polymer in a solvent consisting of 50°/o DMAC + 50o/o ethyl 
acetate (EA) 

2. 20/o CHA + 60/o polymer in a solvent consisting of 500/o DMAC + 500/o EA 
. The key characteristics of glossiness, smoothness, and stickiness of the exposed coating surface as well as 

the degree of adhesion of the coating to the catheters surfaces of the coated polymers were then compared, 
and the results are shown in Table II. 
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TABLE II 

Quality of Coating on the Polyurethane Catheter (I.V.) and the Latex (URO) Urinary Catheter 

IV URO IV URO IV URO IV URO 
GLOSSINESS SMOOTHNESS STICKINESS ADHESION 

2 YES YES YES YES SLIGHT YES GOOD POOR 

4 SEMI SEMI YES YES NO NO GOOD GOOD 

10 YES YES YES YES NO NO GOOD POOR 

11 SEMI SEMI NO NO NO NO GOOD POOR 

14 SEMI SEMI YES YES SLIGHT NO GOOD POOR 

15 YES YES YES YES NO NO GOOD GOOD 

16 YES YES YES YES NO NO GOOD GOOD 

18 NO NO YES YES NO NO GOOD GOOD 

19 YES YES YES YES YES YES GOOD GOOD 

20 SEMI NO YES YES SLIGHT NO GOOD GOOD 

21 NO NO YES YES SLIGHT NO GOOD GOOD 

22 YES YES YES YES YES NO GOOD POOR 
25 NO NO YES YES YES NO GOOD GOOD 
32 YES YES YES YES YES NO GOOD POOR 

34 NO NO MEDIUM YES NO SLIGHT GOOD POOR 

35 NO NO YES YES YES YES GOOD POOR 

37 SEMI NO YES MEDIUM YES YES GOOD FAIR 

SMOOTH 

38 NO SEMI NO YES YES YES GOOD POOR 

39 YES SEMI YES YES SLIGHT NO GOOD GOOD 
41 YES YES YES YES NO NO GOOD GOOD 

Coating Formulas: URO = 60/o Polymer + 1% CHA in § 
I.V. = 60/o Polymer + 2% CHA in § 

Thus, although several polymers can be used as controlled delivery matrices, biomedical polyurethane, 
number 41 in Table II, was found to possess across-the-board superior characteristics. 

Glossiness, smoothness, and stickiness of the exposed coating surface as well as adhesion of the coating 
to the device are crucial characteristics. Equally important to the invention is the coating agent's ability to 
absorb and release, in acontrolled-dosing manner, bio-active agents. Again, biomedical polyurethane was far 
superior, and the results are shown in Table III, below. For this comparison, chlorhexidine diacetate (CHA) was 
incorporated into solutions of each of the polymers found to be soluble as listed in Table I. 
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Comparative Matrices Days of Activity 



POLYMER MATRIX SYSTEM 

LV. 

URO 

1. 

POLY (METHYL M ETHACR YLATE) 

3 

NT 

2. 

POLY (CAPROLACTONE) 

3 

NT 

3. 

POLY (VINYL ACETATE) MW = 500,000 

2 

NT 

4. 

POLY (VINYLDIENE CHLORIDE-ACRYLONITRILE) 80:20 

1 

NT 

5. 

POLY (ETHYL METHACRYLATE) 

2 

NT 

6. 

POLY (STYRENE-MALEIC ANHYDRIDE) 

0 

0 

7. 

POLY (STYRENE ALLYL ALCOHOL) 

1 

1 

8. 

POLY (ISO-BUTYL METHACRYLATE) 

2 

2 

9. 

POLY (VINYL PYRROLIDONE) 

2 

2 

10. 

POLY (PROPYLENE, CHLORINATED, 65<>/o) 

2 

2 

11. 

POLY (N-BUTYL METHACRYLATE-ISO-BUTYL METHACRYLATE) 50/50 

2 

2 

12. 

POLY (VINYL CHLORIDE-VINYL ACETATE) 

2 

NT 

13. 

POLY (N-BUTYL METHACRYLATE) 

1 

2 

14. 

POLY (STYRENE-ACRYLONITRILE 75:25) 

2 

NT 

15. 

POLY (SULFONE) RESIN 

1 

NT 

16. 

POLY (VINYLDIENE FLUORIDE) 

1 

NT 

17. 

POLY (VINYLDIENE CHLORIDE/VINYL CHLORIDE) 88:12 

1 

2 

18. 

POLY (VINYL BUTYRAL) MW= 100,000-150,000 

3 

NT 

19. 

POLY (p-VINYL PHENOL) 

1 

0 

20. 

POLY (URETHANE) DOW PELLETHANE® 

>4 

>4 

21. 

PTUE 205 RIMPLAST® 

3 

3 


I.V. = intravenous catheter fabricated of Pellethane® 2363, 90A 


URO = urinary catheter fabricated of latex 

NT = not tested due to poor film formation or lack of adhesion of coating to substrate. 


The coating formulas used in preparing coating vehicles for Table III were: 

1. Urinary Catheters: 1°/o CHA + 60/o Polymer in solvent. 

2. I.V. Catheters: 2o/o CHA + 60/o Polymer in solvent. 

In both cases, the solvent consisted of 50o/o dimethylacetamide and 50% ethyl acetate. 
The results given in Table III were obtained using the following bioassay: 

1. Latex Urinary Catheters : 2 cm. sections were soaked in 5cc of Trypticase Soy Broth (TSB) and 
challenged with 10 4 CFU of a 1:1 mixture of Staph, epidermidis and E. coli pre-diluted to 0.3 optical 
density at 600 nm. 

2. Polyurethane I.V. Catheters : 2cm. sections thereof were soaked as above and challenged with 10 4 
CFU of Staph, aureus , again pre-diluted to 0.3 optical density at 600 nm. 

This was a severe test, where the catheters were challenged daily with a broth culture having 1 0 4 CFU of the 
bacteria. The results show superior performance of biomedical polyurethane in maintaining sustained activity 
for more than four days for both types of catheters when coated with Pellethane® 2363 (line 21 ) and three days 
for Rimplast® PTUE 205, a silicone IPN modified urethane. The other resins averaged only one to two days. 

The superior characteristics of the biomedical polyurethanes, lines 20 and 21 , are surprising, since the prior 
art does not hint or suggest that any one of the above polymer matrices is any better than any other. Instead, 
the art teaches a general and uniform performance from each. 

As a consequence of these results, several factors are postulated to account for the superior performance 
of biomedical polyurethane. 

Polymer Backbone Rotational Flexibility: 

It is well established that apart from the molecular weight of a solute, solubility in a polymer depends on the 
ability of the backbone of that polymer to rotate about one or more axes. Polyurethane's backbone flexibility 
falls somewhere in between the extreme freedom of rotation found in the silicone rubbers to the inflexibility of 
polystyrene. Since polyurethane is a segmented block copolymer made of both hard and soft segments it 
combines the ability of readily releasing bio-active agents from the amorphous phase with the slow release, 
reservoir-like characteristics of the hard or crystalline domain. Intramatrix diffusion probably occurs as the 
bio-active drug levels in the soft domains drop, causing a gradient related flow of solute out of the crystalline 
phase into the more flexible areas which then in turn diffuses out into the environment. 
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Progressive Formation of Interconnected Diffusion Channels: 

As the drug molecules at the surface of the matrix are dissolved, the solute (blood, perspiration, saline, 
media etc.) is allowed to penetrate into the film, thus forming micro-channels which further facilitate the 
release process. The pore formation is likely proportional to the flexibility of the backbone of the polymer, 
5 whereby the rate of channeling falls as the domain becomes more crystalline. 

Polyurethane has, on the average, 75 to 1 00 times the water absorption of silicone (RTV) and 25 times that of 
polystyrene. The greater value for polyurethane is probably due to the hydrophilic nature of the soft segment 
and presumably means that channel formation is enhanced. 

10 Electrical Properties of the Matrix: 

The charge that a polymer carries influence the affinity of the antimicrobial agent for the matrix. In some 

cases, such as when the antimicrobial agents silver (Ag) or chlorhexidine acetate (CHA) are mixed with latex, 

the binding is so strong that ions of the antimicrobial agent are restricted in their ability to diffuse out of the 

matrix. Some biomedical polyurethanes carry a positive charge and therefore do not react with, and thus 
15 inactivate, cationic antimicrobial agents such as Ag or CHA. Anionic compounds such as piperacillin or 

sulfadiazine are relatively unreactive and extremely soluble so that they do not bind to polyurethane and are 

released at a steady and prolonged rate. 
Thus, the polymeric coating agent component cannot be polyethylene vinyl acetate, polyvinyl chloride or 

polyvinyl alcohol, because such polymers give unsatisfactory results. As mentioned above, the polymer of 
20 choice is a polyether polyurethane and, more specifically, Pellathane® 2363-80AE. It has been further found 

that this polymer in solvent must critically range from 1-10%, and preferably 2-6<>/o, and most preferably 3% by 

volume, for best performance. 

B. Biomedical Silicones 

25 Suitable biomedical silicones include the silicone rubbers or elastomers described on pp. 156-162 of 
Controlled Release of Biologically Active Agents , by Richard W. Baker, John Wiley and Sons, 1987. 
Silicone rubbers having the general formula 


where R is either a methyl of a -CeHe substituent, are useful. More specifically, the following proprietary 
biomedical silicones may be used: 
40 1 . Silastic® Type A Medical Adhesive, a polydimethyl siloxane sold by Dow Corning and which is a one 

component system which cures at ambient room temperature and humidity. Its formula is: 


CH; 0 

-S.-O-CCH, - K : 0 - 

CH; 


2. Other Silastic® products that can be used to form time release matrices include: 

(a) Q72213 - a medical grade dispersion of silicone in trichloroethane; 

(b) Silastic® 360; and 

(c) MDX4-4159, a proprietary product of Dow Corning containing 500/o of an amino functional 
polydimethyl siloxane copolymer and 50% of mixed aliphatic and isopropanol solvents. 

3. Two component vinyl curing silicone -a dimethyl silicone compound with a vinyl terminated 
prepolymer component is reacted to the backbone of a second silicone component. 
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-CH = CH : - CHj-Si — O-Si — 
U CH,' CK, 


— pSi-O-j — Si-CH,-CH : 
_CH, j , CH, 


-Si-O-Ss-O-Si- - 

CH, CH, CH, 


4. Two component curing silicone - Silastic® 382 is an example of a silicone which cures by 
condensation whereby a prepolymer containing a hydroxy group is crosslinked by the addition of a 
methoxysilane and catalyst. 



It is preferred to employ room temperature curing materials. It is also preferred to employ a mixture of equal 
parts of a polydimethyl siloxane such as Silastic® Type A adhesive and a mixed amino functional polydimethyl so 
siloxane copolymer such MDX4-4159 in mixed aliphatic and isopropanol solvents, to provide a coating surface 
having a smooth surface and extended period of activity. 

The selection of specific polymeric coating agent to form a coating matrix will depend upon the nature of the 
surface to which the coating will be applied, it is preferred that a biomedical polyurethane be applied to a 
polyurethane surface to assure good coating adherence. A biomedical silicone, such as a mixture of Silastic® ss 
Type A Medical Adhesive and MDX4-4159, is suitable to coat a device that is fabricated of silicone, 
polyurethane of of latex. 

C. Biodegradable Polymers 

It has further been found that use of a biodegradable polymer in the coating composition of this invention, 60 
either alone or in combination with one or more of the other biomedical polymers, enhances the character of 
the polymer matrix. Suitable biodegradable polymers include the homopolymers poly(glycolic acid), 
poly(D-lactic acid), poly(D,L-lactic acid), poly(D,L-ethylglycolic acid), poly(dimethylglycolic acid), polypi 
L-methylethylglycolic acid), and poly(E-caprolactone), as well as biodegradable polyhydroxy butyric acid and 
mixtures thereof. A preferred biodegradable polymer is polylactic acid (PLA). 65 
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Thus biodegradable polymer may be added to biomedical polyurethane in the quantities indicated herein. 
The biodegradable polymer modulates the rate of release of antimicrobial drugs. The initial burst of drug which 
occurs during the first few days after implantation is more or less eliminated since the drug is bound in the 
biodegradable polymer and will be released only when degradation of the polymer occurs. Inclusion of a 
biodegradable polymer such as PLA in the matrix gives prolonged biocidal activity as confirmed in in vitro 
studies, shown in Table IV, below. 


1Q Enhanced Efficacy of Polyurethane + PLA Matrix 

Coating Composition Days of 

Activity* 

1. 30/0 DPU + 4 
15 30/o CHA 

2. 30/0 DPU + 6 
1o/o PLA + 30/o 

CHA 

3. 30/c DPU + 4 
20 1"/o AgSD + 

1% CHA 

4. 30/o DPU + 5 
10/0 PLA + 1o/o 

AgSD + 1o/o 
25 CHA 

DPU = Pellethane®2363-80AE- Dow Chemical 

Co. 

PLA = poly (lactic acid) molecular weight of 
30 100000 

AgSD = silver sulfadiazine 

CHA = chlorhexidine diacetate 

35 Solvent = 25 parts of ethanol and 75 parts of 
tetrahydrofuran (THF) 

* determined according to the bioassay set forth 
above with regard to Table III 

40 

An additional advantage of using a biodegradable polymer such as PLA in a polyurethane matrix is to allow 
improved tissue ingrowth simultaneously with a prolonged antimicrobial effect as the biodegradable polymer 
degrades. Thus, this embodiment of the invention is particularly important in orthopedic applications as well as 
in such devices as arterial grafts where there is a need for formation of the pseudo-intima or the growth of 
45 tissue into the interstices of orthopedic implants and arterial grafts, as well as cuffs which anchor IV catheters 
in place. 

Suitable biomedical poly(lactic) polymers include the poly(L-lactide), poly (D-lactide) and the poly(D-L-lactic 
acid). These materials are described, inter alia, on pp. 87, 88 and 1 15, of Baker, supra , and are biodegradable. 
Poly(L-lactic) acid is preferred, and those polymers having a range of molecular weights ranging from 2000 to 
50 300.000 have been used with success. 


U-CH-Co}. lo-CH-Co). 


The poly(lactic acid) polymers are bioerodable, and while they can be used alone, it is preferred that they be 
combined with either a biomedical polyurethane or a biomedical silicone. 

As in the first embodiment of the invention, an additional advantage of using PLA in a polyurethane matrix is 
to allow improved tissue ingrowth simultaneously with a prolonged antimicrobial effect as the PLA degrades. 
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Thus, this embodiment of the invention is particularly important in orthopedic applications as well as in such 
devices as hernia patches and arterial grafts where there is a need for formation of the pseudo-intima or the 
growth of tissue into the interstices of orthopedic implants and arterial grafts, as well as cuffs which anchor I.V. 
catheters in place. 

Solvents 

The solvents used in preparing the coating vehicle used in the present invention includes solvents for the 
biomedical polymeric coating agent and/or the antimicrobial agent, and include acetic acid, methyl acetate, 
ethyl acetate, hexane, N-N-dimethylacetamide (DMAC), tetrahydrofuran (THF) , alcohols (e.g., alkanols), 
water, N-ethyl-2-pyrrolidone (NEP), n-(2-hydroxy-ethyl)-2-pyrrolidone, n-cyclohexyl-2-pyrrolidone and combi- 10 
nations thereof. The selection of a particular solvent or mixture of solvents will depend upon the specific 
biomedical polymeric coating agent being used as well as upon the particular antimicrobial agent or 
combination of agents. 

Certain desired solvents for the polymeric coating agent may not be good solvents for an antimicrobial 
agent of choice. In that case, a solvent is selected which will dissolve the antimicrobial agent and will be 15 
miscible with the solvent solution of polymeric coating agent. Thus, a solvent solution of the antimicrobial 
agent may be combined with the biomedical polyurethane in solution in its solvent and the two solutions 
thereafter combined to form a uniform mixture. 

Another important consideration in selecting a solvent is that the resulting solution will readily adhere to and 
form a film on the surface to which it is applied. Certain solvent solutions containing certain polymers do not 20 
adequately wet latex surfaces, for example, with the result that the coating is discontinuous or non-adherent. 

In a preferred coating mixture where it is desired to incorporate chlorhexidine acetate with a biomedical 
polyurethane as coating agent, a preferred solvent is the combination of ethanol and THF, preferably in the 
proportions of 10°/o ethanol and 90<Vo THF. Good results have been obtained where this combination contains 
from 1 to 25o/o ethanol. Another preferred combination for use with chlorhexidine acetate is NEP and THF, over 25 
a range of 1.0 to 100/o NEP, more preferably 50/0. Still further useful combinations of solvents include DMAC 
and ethyl acetate, containing from 1 to 50°/o DMAC, and DMAC and THF, with 1 to 250/0 DMAC. Each of these 
preferred solvent combinations results in a coating vehicle which readily wets and adheres to surfaces of 
medical devices fabricated from medical polyurethane, latex and/or silicone polymer, but also provides a 
superior adherent coating. ' 30 

Antimicrobial Agents 

Antimicrobial agents useful according to this first embodiment of the invention include the biguanides, 
especially chlorhexidine and its salts, including chlorhexidine acetate, chlorhexidine gluconate, chlorhexidine 
hydrochloride, and chlorhexidine sulfate, silver and its salts, including silver acetate, silver benzoate, silver 35 
carbonate, silver iodate, silver iodide, silver lactate, silver laurate, silver nitrate, silver oxide, silver palmitate, 
silver protein, and silver sulfadiazine, polymyxin, tetracycline, aminoglycosides, such as tobramycin and 
gentamicin, rifampicin, bacitracin, neomycin, chloramphenicol, miconazole, quinolones such as oxolinic acid, 
norfloxacin, nalidixic acid, pefloxacin, enoxacin and ciprofloxacin, penicillins such as oxacillin and pipracil, 
nonoxynol 9, fusidic acid, cephalosporins, and combinations thereof. 40 

From the above list, unexpectedly, some special combinations have been found. The combination of the 
biguanides, especially chlorhexidine and its salts with silver salts cause a special synergistic sustaining of 
antimicrobial action, as described in the second embodiment of the invention below. The biguanides are also 
synergistically effective with nalidixic acid and its derivatives. Another effective combination is chlorhexidine 
acetate and pipracil. 45 

Where the antimicrobial agent used is insoluble in the coating vehicle, as is the case with most of the silver 
salts and the water insoluble chlorhexidine, it is preferred that the agent be very finely subdivided, as by 
grinding with a mortar and pestle. A preferred product is micronized, e.g., a product wherein all particles are of 
a size of 5jx or less. In the case of the preferred silver sulfadiazine, a micronized product may be used. 

The antimicrobial agent is preferably employed in the coating vehicle at a level such that the final coating 50 
contains from 10 to 70% by weight of the antimicrobial agent. This may be accomplished by providing a 
concentration of, for example, 0.5 to 30/0, preferably 1%, of chlorhexidine acetate and 0.5 to 5°/o, preferably 
10/0, of silver sulfadiazine in the coating vehicle. 

Unique to the invention is the use of chlorhexidine since such use internally, that is, in the human body, is 
heretofore unknown. Though there are examples available on the use of chlorhexidine in the bladder, such 55 
data is not relevant hereto, since it is not truly an internal use as there is no contact with the patient's 
circulation. 

The absence of even a hint of using chlorhexidine internally is due, at least in part, to its relatively high 
toxicity and chemical nature (highly polar, reactive, high affinity for lipids and proteinaceous materials), leaving 
it a poor candidate as a systemic drug. The only way to use chlorhexidine internally is in the time release matrix 60 
system described above that allows for a dose that is non-toxic to the patient but effective against 
microorganisms. 
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Coating Vehicle 

The coating vehicle is prepared according to the invention by dissolving the polymeric coating agent in a 
solvent therefor and by combining this solution with a solution or suspension of the antimicrobial agent. These 
materials can be combined at room temperature or at a slightly elevated temperature with the aid of agitation. It 

5 is preferred to employ solvents with readily evaporate from the coating at room temperature, or at an elevated 
temperature below that which inactivates the antimicrobial agent. 

in the case of a preferred antimicrobial composition chlorhexidine acetate, either alone or in combination 
with silver sulfadiazine, the coating vehicle is prepared by first dissolving the polymeric coating agent such as 
the biomedical polyurethane in a solvent therefor, such as tetrahydrofuran (THF). The chlorhexidine is then 

10 dissolved in a solvent therefor, such as ethanol, water, or preferably N-ethyl-2-pyrrolidone (NEP), which is also 
miscible with THF. 

Other Agents in Coating Matrix 
In addition to antimicrobial agents and matrix forming materials, the coatings of the present invention may 
15 contain other compatible ingredients to advantage. For example, where anti-blood clotting activity is desired, 
heparin may be used, preferably at a level of 0.2%. Another useful ingredient is dextran sulfate, preferably also 
at a level of 0.2% 

In accordance with the method of this invention, the medical device can be coated with the coating 
composition by known coating techniques, such as dip coating, spray coating, brush coating, roller coating, 
20 etc. Moreover, multiple coatings using the same or different polymer matrix-forming agents for each, can be 
used. 

The coated medical device can be dried at room temperature to remove solvent or with the aid of a slightly 
elevated temperature over an appropriate time period. 
The coating method can be repeated to build up a thicker coating on the medical device and/or to use a 

25 different antimicrobial agent in each coating, if desired. 

In accordance with another preferred embodiment of the invention, the antimicrobial composition of this 
invention comprising a mixture of a biguanide and a silver salt in powder form is applied directly to the surface 
of a medical device. The method of application is one which assures adherence of the powder to the surface. 
One such method applies the powdered antimicrobial agent to an adhesive surface in micro layers so that 

30 minimum loss of adhesiveness occurs while imparting a high level of protection against growth of 
microorganisms to the surface. Other procedures include mixing the powder with adhesive prior to its 
application, and providing areas on the surface which alternatively contain adhesive and powdered 
antimicrobial agent. In one preferred method, a powder comprising a mixture of biguanide and a silver salt, 
most preferably a mixture of silver sulfadiazine and chlorhexidine acetate, was applied to rubber gloves at a 

35 point during their manufacture when the rubber was soft and/or semi-molten. The powder was found to adhere 
weli after cooling of the gloves to room temperature. 

!t will further be understood that the invention does not require coating both the inside and outside of 
medical devices, especially catheters. In fact, it has been found that some catheters coated only on the outside 
provide necessary prophylaxis, without chemical or biological interference with the materials added to the 

40 body by the catheter. There may be instances when, for example, a coating containing an antimicrobial agent 
and heparin is applied only on the outside of an I.V. catheter used for providing blood to a patient. In other 
instances, it is advantageous to apply a coating with the anti-coagulent on the inside of the catheter to prevent 
clotting blockages. These specific selections are all within the scope of the invention. 
Concentrations of the coating vehicle, the antimicrobial composition, the coating composition and resultant 

45 coating can be selected as desired and as illustrated by the following representative examples. In the case of 
the preferred combination of chlorhexidine acetate and silver sulfadiazine, good results have been obtained 
when the agents are present in a proportion ranging from 1 :9 to 9:1, respectively. Further, it is preferred that 
this combination of antimicrobial agents be present at levels of from 10 to 70% by weight of the final coating. 
The invention will be further illustrated by the following examples. Unless indicated otherwise, the silver 

50 sulfadiazine (AgSD) used in the examples was a micronized powder product having a particle size of 5u or 
less. 

It is recognized, however, that silver or its salts, including silver sulfadiazine, having a larger average particle 
size are useful according to this invention, and particle size selection will depend on the contemplated use of 
the medical device. 


Example 1 

A coating vehicle for use in accordance with the present invention was prepared as follows: 
60 1 gm of chlorhexidine acetate (CHA) was added to 5 cc of N-ethyl-2-pyrrolidone (NEP). The mixture was 
heated to 50-60° C and agitated in a Vortex® stirrer until the CHA dissolved. 

10 cc tetrahydrofuran (THF) was then added to the CHA solution in NEP and the mixture thoroughly agitated 
to form a uniform solution. 
3 gm of Pellethane© 2363-80AE of the Dow Chemical Co. was added to 50 cc of THF. The mixture was 
65 warmed to about the boiling point of THF, 65-70° C, and stirring with a Vortex® stirrer was continued until the 
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polyurethane was dissolved. 

1 gm of silver sulfadiazine (AgSD) powder was suspended in 35 cc of THF and vigorously agitated in a 
Vortex® stirrer to form a uniform suspension. The CHA solution in NEP and THF prepared above was then 
combined with the polyurethane solution and agitated to form a clear solution. As a last step in preparing the 
coating vehicle, the AgSD suspension in THF was added and the entire mixture agitated to maintain a uniform 5 
suspension. Thus was provided a coating vehicle containing 1% CHA and 1% AgSD as antimicrobial agents, 
together with 3% of the biomedical polyurethane. The solvent in this case was a mixture of solvents 
comprising 50/o NEP and 95<>/o THF. The CHA was in solution in the coating vehicle, while the AgSD was in 
uniform suspension. 

The coating vehicle prepared above was used to coat an I.V. catheter fabricated of Pellethane® 2363-90A. 10 
The catheter was dipped in the coating vehicle while the vehicle was being continuously agitated to insure a 
uniform suspension. The coated catheter was then dried. A tightly adherent coating on the catheter was thus 
provided. A bioassay of sections of the catheter performed in accordance with the test given above with 
respect to Table III showed sustained activity against the microorganisms for in excess of eight days. 


Example 2 


Methods of Preparing I.V. and Urinary Catheters Coated with Soluble Silver Salts and Water Insoluble 
Chlorhexidine 

In certain instances, it is necessary to use antimicrobial agents starting in solution rather than as 
comminuted solids. Though the invention comprises both, coating with the precursors of certain antimicrobial 25 
agents in solution has been found to be best achieved in one of two ways: 

Method 1 

Coating vehicle contains 1% AgN0 3 + 1-3% water insoluble free-base chlorhexidine + 6<Vo polyurethane 
in DMAC/ethyl acetate mixture (1:1). ' 30 

Water insoluble chlorhexidine is first prepared by precipitating the chlorhexidine from chlorhexidine acetate. 
This chlorhexidine is used for coating purposes in those instances where the chlorhexidine salts are reactive 
with other ingredients of the coating vehicle. For example, the acetate or gluconate salts of chlorhexidine react 
with silver nitrate instantly in aqueous solutions with the undesired result that each is inactivated. 

35 

Preparation of 100ml coating vehicle. 

1 gm silver nitrate and 1gm water-insoluble free-base chlorhexidine were dissolved separately in 10ml 
portions of DMAC. 6gm polyurethane, Pellethane® 2363-80AE, were dissolved in 30ml DMAC and mixed with 
the silver nitrate and chlorhexidine solutions. 50ml ethyl acetate was mixed with this solution to form a coating 
vehicle and used for coating. 40 

Method 2 

Coating vehicle contains 0.3% AgNOa + 0.75% sulfadiazine + 1-2% chlorhexidine + 6% polyurethane in 
DMAC/ethyl acetate mixture (1:1). 

The method of preparation of this coating solution is the same as described in Method 1 except that the 45 
sulfadiazine is added to the chlorhexidine solution and a uniform dispersion formed. The medical device (e.g., 
catheter) is dipped, sprayed or painted, at least once, with this solution. 

A series of catheters were coated with the coating solutions prepared by methods 1 and 2 in this example 
and compared with a commercially available catheter coated with silver oxide. Catheters numbers 2 and 6 were 
prepared in accordance with method 1 above. Catheters numbers 3, 5 and 7 were prepared by method 2 50 
above. Catheters numbers 1 and 4 were prepared in accordance with the method and using the formulation 
following Table I, the chlorhexidine in catheter 4 being the water insoluble type referred to in method 1 above. 

The tests recorded in Table V are described elsewhere in this specification. The activity in trypticase soy 
broth (TSB) was determined by the bioassay described as follows: 

1. Latex Urinary Catheters : 2 cm sections were soaked in 5 cc of Trypticase Soy Broth (TSB) and 55 
challenged with 10 4 CFU of a 1 :1 mixture of Staph , epj and E. coli pre-diluted to 0.3 optical density at 600 

nm. 

2. Polyurethane I.V. : 2 cm sections soaked as above and challenged with 10* CFU of Staph , aureus . 
The zone of inhibition determination was made following Bioassay A, described in Example 5. The Agar 

Lumen test was conducted as follows: 60 

5 cc of trypticase soy agar (TSA) was solidified in a culture tube. A cork borer was used to remove a central 
core of agar from the tube leaving a lumen into which a 4cm section of a coated catheter having an outside 
dimention approximating that of the lumen opening was inserted. 1 .2 cc of sterile urine was introducd into the 
lumen before the catheter was inserted. Once the catheter was inserted, an inoculum comprising a 
suspension containing 2x1 0 5 CFU of a mixture of 50% Escherichia coli and 50% Staphylococcus epidermidis 65 
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was swabbed around the upper opening of the lumen adjacent the catheter. 

The culture tube was incubated at 37° C. Once in each subsequent 24 hour period over the course of the 
test, 0.2 cc of urine was removed from within the catheter and lumen and the lumen was supplied with afresh 
quantity, .2 cc, of sterile urine, which had just been inoculated with 2x10 s CFU of the 50<>/o E. coii and 50% 

5 Staph , epi inoculum. At the same time, 0.01 cc of the solution removed from the lumen was tested by 
subculturing on a blood agar plate to determine the presence or absence of microorganisms in the liquid. In 
Table V below is given the number of days before growth of microorganisms was observed, either visually in 
the agar surrounding the lumen or in the urine samples analyzed on blood agar plates. 
Comparative results between commercially coated catheters and those coated in accordance with this 

10 invention further demonstrated the significant improvement obtained; the greater the zone of inhibition, the 
greater the degree of suppression and cidal tendencies. Table V, below gives the results of this series of tests. 


Antibacterial Efficacy of Urinary Catheter 

Drugs in Catheter Coating Agar Lumen Test Zone of Inhibition Activity in Presence 

(Days) ' (mm) of TSB (Days) 


25 


30 


1. 

Silver Sulfadiazine 

7 (static) 

11 

2 

2. 

Silver nitrate 

5 (static 

g 

1 

3. 

Silver nitrate + 

7 (static) 

11 

2 


sulfadiazine 




4. 

Chlorhexidine 

>15 (cidal) 

20 

>10 

5. 

Silver sulfadiazine 

>15 (cidal) 

20 

>10 


+ chlorhexidine 




6. 

Silver nitrate + 

>15 (cidal) 

20 

>10 


chlorhexidine 




7. 

Silver nitrate + 

>15 (cidal) 

20 

>10 


sulfadiazine + 





chlorhexidine 




8. 

Silver oxide (Baxter 

1 (static) 

10 

0 


Travenol) 




9. 

No drug (Control) 

0 

0 

0 


Example 3 

40 

Multicoating 

At times, urinary catheters or intravenous catheters coated with biomedical polyurethane and bio-active 
45 agents or silicone (with or without PLA) and bio-active agents are found to possess surface characteristics not 
fully desirable. To overcome this problem, the invention further comprises the provision of a second (or more) 
coatings. 

It has been found that a second coating applied over the biomedical polyurethane coating by spraying, 
dipping or otherwise, of between 0.5 and 5<Vo of a silicone such as MDX4-4195, Dow Corning, in solution in 
50 hexane, preferably 2«/o, after drying, renders the coated medical device, especially a catheter, smoother in 
texture, with improved lubricity, without interfering with the controlled release characteristics as shown in 
Table VI. 
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TABLE VI 

Retention of Antibacterial Efficacy in Presence of TSB Culture 


Drug Coated Bacterial Growth Days 

Catheter 

Sample 

1 2 3 4 5 6 7 


1 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

1 + 

2 + 

4 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

1 + 

2 + 

4 + 

6 

0 

0 

0 

0 

0 

0 

1+ 

7 

0 

0 

0 

0 

0 

0 

1+ 

8 

0 

0 

0 

0 

0 

0 

1 + 

9 

0 

0 

0 

0 

0 

0 

1 + 


10 


Control Heavy ( + + ) 

Catheter No 20 
Antimicro- 
bial Agent 

2cm segments of drug coated catheters (AgSD + CHA) in a biomedical polyurethane coating agent os 3% 25 
Pellethane® 2363-80AE in a solvent of THF + ethanol or DMAC + ethylacetate were coated with a second 
coating by applying thereto a 20/o solution of MDX4-4195 in hexane. After thorough drying to remove solvent, 
the segments were suspended in 5ml TSB containing 10* Staph, aureus and incubated at 37° C. Every 24 
hours, for seven days, the bacterial growth in the culture was measured by visual turbidity and colony counts 
and the catheter segment was transferred to fresh culture and the experiment repeated. 30 

Bacterial growth was properly suppressed for seven days. In addition, the catheters possessed smoother 
surfaces. This multi-coating process can also use PLA in the first coating, and over a range of 0.2 to 2%, 
preferably 1%, in the coating vehicle with improved results. 


Example 4 


Coating Antimicrobial Agents and Heparin or Dextran Sulfate on I.V. Catheters 40 

It is sometimes important that certain medical devices possess bio-activity beyond antimicrobial effects. To 
this end, it has been found that other bio-active agents can be incorporated into the matrices without 
hampering the antimicrobial aspects. 

As a preferred embodiment, polyurethane catheters were coated with a biomedical polyurethane coating 45 
vehicle containing 10/0 chlorhexidine + WoAgSD + 0.2% heparin. The heparin imparts anti-coagulent effects 
to the catheter. Likewise, dextran sulfate was incorporated in the same quantities. 

Table VII, below provides data showing that the addition of heparin to the coating vehicle does not interfere 
with antimicrobial activity of the coated device. 

50 

TABLE VII 

Retention of Antibacterial Efficacy in 
Heparin-Coated Catheters 

Retention of Antimicrobial 55 
Activity (Days) 
With Heparin Without 

Triple lumen 6 6 60 

catheter 

Single lumen 4 4 

catheter 


The testing was done in TSB culture as described above. The coating which was made as follows: 0.2gm of 65 
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heparin was dissolved in 2-3cc of water to which 7ml of ethyl alcohol was added. 3gm of biomedical 
polyurethane, Pellethane® 2363-80AE, was dissolved in 75ml of THF and the heparin solution mixed 
therein. 1gm of chlorhexidine acetate was dissolved in 15 ml of ethanol, after which 1gm of AgSD was 
suspended therein. The antimicrobial agent solution was mixed with the polyurethane solution, and agitation 
maintained to insure a uniform suspension. The catheters were dipped in the solution, dried and tested. 
Coating can also be done in stages, i.e., a first coating of antimicrobial + matrix, followed by a second of 
heparin + matrix. 

Example 5 

Arterial grafts of two commercially available types were provided with an antimicrobial coating in accordance 
with the invention. One was an expanded polytetrafluorethylene (PTFE) sold under the Gortex® name as a 
reinforced expanded PTFE vascular graft 8 mm in diameter. The second was a 6 mm straight woven Dacron® 
arterial graft sold by Bard. 

Short sections of each of these materials were coated with each of the following coating vehicles: 
1. 10/q PLA + 1o/o polyurethane + Wo CHA + 30/0 pipracil in 


25% NEP 
75% THF 


2. 0.50/0 PLA + O.50/0 polyurethane + Wo CHA + 30/0 pipracil in 


25% NEP 
751 THF 


100 ml batches of these coating vehicles were prepared by dissolving 3 gm of pipracil in 20 cc of NEP. 1 gm 
of CHA was separately dissolved in 5 cc of NEP. The required amount, either 1 gm or 0.5 of polyurethane was 
dissolved in 50 cc of THF and the same amounts of PLA were dissolved in 25 cc of THF. The four solutions were 
then combined and thoroughly mixed to provide the coating vehicles. 

The polyurethane used was Pellethane® 2363-80AE. The PTFE sections, because of their unique structure, 
contain a number of cavities or interstices which require either vigorous agitation or the application of a 
vacuum to the section in the presence of coating vehicle to insure that the coating vehicle penetrates and 
permeates the graft. The woven graft requires only simple agitation in coating vehicle to provide a good 
coating. Both products are then air dried. 

A good adherent coating formed on the Dacron® graft. In the case of the PTFE graft, its characteristic 
surface refused to retain a surface coating. However, the coating composition was retained in the interstices, 
and, on drying, retained a coating composition having, by weight, one part biomedical polyurethane, one part 
PLA, one part CHA, and three parts pipracil in the case of coating 1, and .5 parts each of PLA and 
polyurethane, with one part CHA and three parts pipracil for coating 2. 

The activity of the processed grafts are determined by the two types of bioassays described below: 


- 2cm sections of graft are embedded in a 50/0 sheeps blood agar plate which was inoculated with 2x1 0 4 CFU 
Staph , aureus . Activity was determined by measuring the zone of inhibition. The graft sections were 
transferred to newly inoculated plates daily until antibacterial activity ceased. 


1cm section of graft were soaked in 5cc of trypticase soy broth (TSB) which was inoculated with 10 4 CFU 
of Staph , aureus . If there was no turbidity after 24 hours incubation at 37° C, then the material was deemed to 
be bacteriostatic. The grafts were transferred to new TSB and inoculated daily. 
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Bioassay A 
Group 


Results 
Zone of Inhibition (mm) 
3 6 


Days 


1 


9 


PTFE (Formula 1) 
PTFE (Formula 2) 
Bard (Formula 1) 
Bard (Formula 2) 
Untreated Control 


23 
29 
29 
29 
0 


19 
20 
15 
15 


16 
16 
12 
14 


12 
12 
12 
11.5 


Bioassay B 

All processed groups show activity for more than 10 days. 
Untreated Control showed heavy growth and turbidity after one day. 


Example 5 


An expanded polytetrafluorethylene (PTFE) hernia path was impregnated with an infection-resistant material 
comprising silver sulfadiazine and chlorhexidine acetate in a biodegradable matrix of poly(lactic acid) using the 
following method. 

An impregnating vehicle was prepared by mixing 0.5% chlorhexidine acetate, 0.5% silver sulfadiazine and 
10/0 poly(lactic acid), mw 44,000, in a solvent mixture comprising 95% ethanol and THF in the proportions of 
10:90. The chlorhexidine acetate and PLA are in solution in this mixture; the silver sulfadiazine is in 
suspension. 

An expanded PTFE hernia path, 2x2 cm and having a thickness of about 0.5 cm was soaked for 5 minutes in 
the impregnating vehicle prepared above, with continuous stirring to maintain a uniform suspension. The patch 
was then removed from the suspension, air dried for about one minute and then placed in an oven at 40° C for 
24 hours. 

The antibacterial efficacy of the patch was evaluated, utilizing Bioassay B described in Example 5 above. 
Several 1 cm 2 pieces were cut and soaked in TSB and kept in water bath shakers at 37° C. The TSB is changed 
daily and 4 pieces were removed at different intervals and tested for zone of inhibition. The results are given in 
the following table: 

Days of Soaking Zone of Inhibition (mm) 
against Staph, aureus 
after 1 day 


Method of in situ Incorporation of Silver Sulfadiazine and Chlorhexidine in Hernia Patch 

The interstices of a hernia patch, which is made up of expanded PTFE, are too small for a sufficient amount 
of silver sulfadiazine (AgSD) molecules to enter. Therefore, silver sulfadiazine is precipitated in situ by treating 
the patch with sodium sulfadiazine (NaSD) and silver nitrate. The following methods were usidToincorporate 
silver sulfadiazine and chlorhexidine acetate (CHA) into the interstices of a patch. 

1. An expanded polytetrafluorethylene (PTFE) hernia patch, 2x2 cm and having a thickness of about0.5 
cm is first soaked in: 

(a) a 950/o ethanol solution of 0.5% silver sulfadiazine and 0.5% chlorhexidine acetate for 2-3 
minutes, removed, dried for about one minute; 

(b) the patch is then soaked in 0.25% AgN0 3 solution for 2-3 minutes, removed and air dried. The 
patch is then placed in an oven at 40° C for 24 hours. 

2. The procedure is the same as in 1, but the first solution contains 0.4% sodium sulfadiazine, 0.5% 
chlorhexidine acetate, and Wo PLA, mw 44,000, in a solvent comprising a 95<Vo ethanokTHF mixture 
(10:90). In an alternative to both the 1 and 2 methods, the first dipping step was done in AgN0 3 solution 


0 
1 
3 
6 


24 

22 
20 
20 


Example 7 
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and then in the mixture of sodium sulfadiazine and chlorhexidine acetate. 

Evaluation of Antibacterial Efficacy of Patches Coated by this Process 
Following the bioassay method of Example 6, several 1 cm 2 pieces were cut and soaked in TSB and kept in 
5 water bath shakers. The TSB was changed daily and 4 pieces were removed at different intervals and tested for 
zone of inhibition. 

Zone of Inhibition (Days) 


13 6 


23 21 20 


22 21 20 


22 20 19 


22 20 19 


PLA 

30 

Example 8 

A coating vehicle for use in accordance with the present invention was prepared as follows: 
35 1 gm of chlorhexidine acetate (CHA) was added to 5 cc of N-ethyl-2-pyrrolidone (NEP). The mixture was 
heated to 50-60° C and agitated in a Vortex® stirrer until the CHA dissolved. 

10 cc tetrahydrofuran (THF) was then added to the CHA solution in NEP and the mixture thoroughly agitated 
to form a uniform solution. 
3 gm of Pellethane® 2363-80AE of the Dow Chemical Co. was added to 50 cc of THF. The mixture was 
40 warmed to about the boiling point of THF, 65-70° C, and stirring with a Vortex® stirrer was continued until the 
polyurethane was dissolved. 

1 gm of silver sulfadiazine (AgSD) micronized powder was suspended in 35 cc of THF and vigorously 
agitated in a Vortex® stirrer to form a uniform suspension. The CHA solution in NEP and THF prepared above 
was then combined with the polyurethane solution and agitated to form a clear solution. As a last step in 
45 preparing the coating vehicle, the AgSD suspension in THF was added and the entire mixture agitated to 
maintain a uniform suspension. Thus was provided a coating vehicle containing 1% CHA and 1% AgSD as 
antimicrobial agents, together with 3<>/o of the biomedical polyurethane. The solvent in this case was a mixture 
of solvents comprising 5% NEP and 95% THF. The CHA was in solution in the coating vehicle, while the AgSD 
was in uniform suspension. 

50 The coating vehicle prepared above was used to coat an I.V. catheter fabricated of Pellethane® 2363-90A. 
The catheter was dipped in the coating vehicle while the vehicle was being continuously agitated to insure a 
uniform suspension. The coated catheter was then dried. A tightly adherent coating on the catheter was thus 
provided. 

55 

Example 9 


60 Synergism of Silver Sulfadiazine (AgSD) and Chlorhexidine (CHA) 

The results of experiments described below indicate that coating silver salts, preferably sulfadiazine, and 
chlorhexidine or its salts onto medical devices imparts prolonged antibacterial activity. In addition, in vitro 
studies show that chlorhexidine exhibits a synergistic effect when combined with silver sulfadiazine and thus 
65 increases the antimicrobial spectrum. AgSD + CHA also kills 99.9% of the bacterial population faster than 


Method A 

NaSD + 
CHA — ► 
AgNOs 
AgNOs -* 
NaSD + 
CHA 

Method B 

NaSD + 
CHA + 
PLA — 
AgNOs 
AgN0 3 -v 
NaSD + 
CHA + 
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chlorhexidine alone which is important for its use in medical gloves and condoms. Furthermore, when wound 
dressings (Epilock® dressings) coated with silver sulfadiazine and chlorhexidine were tested for zone of 
inhibition against a mixed culture of Staph , aureus and Ps. areuginosa , a synergistic effect was observed. 


Analytical Procedures for Determinating the Drug Content and Rate of Release from Devices 

Determination of silver (Ag), sulfadiazine (SD) and chlorhexidine acetate (CHA) values is performed as 
follows: 

10 

Silver and SD 

The devices (catheters) were coated with radioactive silver sulfadiazine ( 1 1 °AgSD) and after measuring the 
initial radioactivity they were suspended in culture media or saline. The catheters were transferred daily to 
fresh media or saline and the radioactivity remaining in the catheter segments were measured using a Nuclear 
Chicago 1185 automated gamma counter. The amount of SD released was measured by determining the SD 15 
content of the media using a calorimetric method (Bratton-Marshal Test). 

Initial levels of SD in the catheters were determined by extracting the SD from the catheters with 0.2 molar 
nitric acid. 


CHA levels are determined spectrophotometrically (231 nm and 254nm) using a Hitachi® 2000 double beam 
UV/VIS system, initial levels were measured by extracting the CHA from the catheter using warm ethanol. The 
CHA released into the media was also measured spectrophotometrically. These spectrophotometric levels 
wer corroborated by bioassay such as zone of inhibition tests. 

25 

In vitro Studies 

Different concentrations of silver sulfadiazine or chlorhexidine alone or in combinations were added to 
mixed cultures of Ps. areuginosa and Staph , aureus (10 6 CFU each organism) in 2 ml trypticase soy broth 
(TSB) and incubated along with control cultures. 0.1 ml aliquots were removed from these cultures and diluted 
to 10 ml (1 to 100 dilution) at 10 minutes, 20 minutes and 40 minutes. 0.2 ml of these diluted samples were 30 
subcultured on blood agar plates and colony counts were made 24 hours post incubation. The results are 
given the following Table VIII. 


TABLE VIII 
Bacterial Inhibition. 


Antimicrobial Concentration 
Aaent (umole/2 ml) 


None 

AgSD 

CHA 

AgSD 
AgSD 


1.0 + 1.0 
0.5 


Colony Forming Units (CFU) 


>10 6 
(S&P) 

2xl0 5 
(S&P) 

lxiO 3 
(S) 


>10 u 
(S&P) 


>10 u 
(S&P) 


1x1x10"' 
(S&P) 


>10 u 
(S&P) 


4 0 minute 
TTrJ^ 

(S&P) 

1.2xl0 5 
(S&P) 


>10 u 
(S&P) 


65 
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CHA 0.5 lxlO 5 3.7xl0 4 2xl0 2 

(S) (S) (S) 

AgSD + CHA 0.5+0.5 0 0 0 

S&P = Staph , aureus and Ps. areuqinosa 
S = Staph , aureus 


The results show: 

1 . chlorhexidine acts rapidly, and by 20 minutes kills the organisms present; 

2. silver sulfadiazine exhibits steady and prolonged suppression of growth (also see the example 
relating to wound dressings below); and 

3. AgSD + CHA demonstrate a marked improvement over the individual results as there is even a more 
rapid kill (10 minutes), and prolonged suppression. 

The results clearly show a fast and prolonged and synergistic antibacterial activity for the combination of 
AgSD + CHA, exhibiting far superior results than by using each such antimicrobial agent alone. 

Example 10 

Synergistic results are also found when other silver salts are combined with chlorhexidine, as shown in 
Table IX, below. 
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Chlorhexidine ac 

gainst Staph, aure 


Drug 

Colony Count (Minutes) 

Concentration 



in Culture 




20 

60 

100(ig silver 

,500 

8,000 

sulfadiazine 


100jxg silver 
oxide 

7,500 

8,000 

100|ig silver 

9,200 

6,000 

carbonate 



100u.g 

6,250 

4,000 

chlorhexidine 
acetate 




4,800 

0 

sulfadiazine + 



50[ig 



chlorhexidine 
acetate 



50u.g silver 

3,700 

0 

oxide + 50ng 



chlorhexidine 
acetate 



50|ig silver 

4,300 

0 

carbonate + 



50u.g 



chlorhexidine 



acetate 



100u.g silver 

10,500 

11,000 

nitrate 



100ng 

6,000 

3,000 

chlorhexidine, 



water insoluble 



50u,g silver 

100 

0 

nitrate + 50|ig 



chlorhexidine, 



water insoluble 



CONTROL 

16,000 

15,000 


For Table IX, 3 ml of TSB culture of Staph , aureus (10 4 CFU/ml) containing the drug were incubated for one 
hour at 37°C and the colony counts measured. The results achieved further show the synergistic interaction 
between silver salts and chlorhexidine salts in causing complete suppression of growth by 60 minutes, 
whereas each anti-bacterial agent, alone, showed only partial suppression. 


Methods for the Preparation of Coated Medical Devices and Evaluation of Antibacterial Activity 

Certain medical devices are comprised of materials not fully compatible with biomedical polyurethane as a 
coating vehicle, requiring, for compatible matrices, the use of a biomedical silicone, with or without a 
biodegradable polymer such as poly(lactic acid) (PLA). 

Method A 

Chlorhexidine diacetate is mixed uniformly in 1% to 10<>/o, preferably 5%, silicone solution in ethyl acetate, 
or silicone solution containing .2 to 2%, preferably 0.5% or Wo poly (lactic acid), molecular weight 2000. The 
medical device is dipped for 10 seconds in this suspension which is kept at room temperature. The silicone 
used was Silastic® Medical Adhesive Silicone Type A. 


21 


EP 0 328421 A2 


Method B 

0.5 to 10% chlorhexidine diacetate is mixed uniformly in 1<Vo PLA solution (equal amounts of 2,000, 44,000, 
100,000 and 300,000 molecular weight PLA) in ethyl acetate. This antimicrobial suspension is kept at 50° C in a 
water bath and mixed continuously. The medical device to be coated is dipped for one minute in this 
suspension, removed and dried. 

in both of the above methods, other antimicrobial agents can also be used either singly or in combination as 
shown below. 

Coating of Latex Gloves 

The fingers of latex medical gloves were washed, dried and dip-coated with (a) chlorhexidine acetate (CHA), 
(b) CHA and silver sulfadiazine (AgSD), and (c) AgSD using antimicrobial suspensions prepared by Method A 
above. The silicone used in this test was a mixture of equal parts by weight of Silastic® Medical Adhesive 
Silicone Type A, and MX-4-4159, afluid comprising equal parts of an active polydimethyl siloxane and a solvent 
therefor comprising mixed aliphatic and isopropanol solvents. The PLA employed was a poly(L-lactic acid) 
procured from Polysciences, Inc., Warington, Pennsylvania, having various molecular weights. PLA-2000 has a 
molecular weight of 2000. The suspension had the following composition : 
1. 100/o CHA + 100/0 silicone + O.50/0 PLA-2000 
2. 50/0 CHA + 50/0 AgSD + 100/o silicone + O.50/0 PLA-2000 
3. 10Q/0 silver sulfadiazine + 100/o silicone + 0.5°/o PLA-2000 

The antibacterial efficacy was tested against a mixed culture of Pseudomonas aeruginosa and 
Staphylococcus aureus having 10* CFU of each per 2 ml of culture. 

The coated fingers were suspended in culture tubes and 2 ml of 50/0 bovine albumin solution containing the 
mixed bacterial culture were added to it and incubated at 37° C. The rate of killing was determined by taking 
aliquots at 10, 20 and 40 minutes and subculturing on blood agar plates for colony counts. The results are 
given in Table X below. 

TABLE X 

Colony Counts of Staph , aureus and Ps. aeruginosa (Colony Forming Units - CFU/2 ml Culture) 
Antimicrobial 10 Minutes 20 Minutes 40 Minutes 


Agent on 
Gloves 


CHA 8x103 
CHA + AgSD 


Ps. aer. 


AgSD 5x10 3 1x10* 1.2x10" 5x103 8x103 4x1 o3 

None 1x10* 1x10* 1x10* 8x103 

(Control) 
2x10* 8x10 3 

These results demonstrate improved and sustained suppression of bacterial growth when using the 
combination of CHA + AgSD on gloves. 

Example 12 


Coating of Urinary Catheters and Evaluation of Antibacterial Activity 

Using the methods described in A and B in Example 11 above, latex urinary catheters were coated with a 
coating vehicle containing Silastic® Medical Adhesive Silicone Type A in Method A and PLA in Method B, both 
having various amounts of chlorhexidine and/or silver sulfadiazine and 2.0 cm segments were soaked in 
either 5 ml trypticase soy broth (TSB or 5 ml urine inoculated with a mixture of 10* organisms of Staph , epi and 
E. coli. After 24 hours of incubation at 37°C, the media was subcultured to quantitatively determine bacterial 
'levels! The segments were then transferred to fresh media which was re-inoculated. This procedure was 
continued until the urinary catheter segments no longer presented antibacterial activity. The results, showing 
significant retention of bio-active material are given in Table XI below. 
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TABLE XI 

Retention of Antibacterial Activity of Coated Urinary Catheters 
Retention (Days) 




% Anti-Microbial in 

In Presence of 

In Presence of TSB 



coating Solution 



Method A 

-CHA 

10 

5 

4 

Method A 

-CHA 

5 

4 

3 

Method A 

- AgSD 

5 

2 

2 

Method A - 

CHA + 

5 + 5 

3 

S 

AgSD 





Method A 


0 

0 

0 

(Control) 





Method B ■ 

-CHA 

10 

6 

4 

Method B ■ 

■ CHA 

5 

4 

3 

Method B • 

•AgSD 

4 

2 ; 

2 

Method B - 
AgSD 

CHA + 

5 + 5 

3 

3 

Method B • 

•None 

0 

0 

0 

(Control) 






= chlorhexidine acetate 
= silver sulfadiazine 


Example 13 


Antibacterial Efficacy of Coatings Containing Chlorhexidine Acetate and Biodegradable Polymers on 
Polyurethane I.V. Catheters 

Using the method described as Method B in Example 11 above, I.V. catheters fabricated of Pellethane® 
2363-80AE, a biomedical polyurethane, were coated with a coating vehicle which, in a first series, contained 
1o/o chlorhexidine acetate in a solvent comprising 10% of 950/o ethanol and 90% ethyl acetate. A second series 
used a coating vehicle containing 1% chlorhexidine acetate and 3<>/o of Pellethane® 2363-80AE in a solvent 
comprising 10% of 95% ethanol and 90% of THF. The third series used a coating vehicle comprising 1% 
chlorhexidine acetate, 50/o of Silastic® Type A Medical Adhesive, a polymethyl siloxane, and 20/o of MDX 
4-4159, a silicone comprising 50% of an amino functional polydimethyl siloxane copolymer and 500/o mixed 
aliphatic and isopropanol solvents. In addition, each of the three series contained a biodegradable polymer at a 
level of 1%; the polymers were obtained from Polyscience. 

The procedure described in Example 12 was used to test 2.0 cm segments of the coated catheter. The 
results obtained are summarized in the following table: 


23 


EP 0328 421 A2 


Biodegrad- 
able 
Polymers 


1-day Zone of Inhibition (mm) 


Polyflactic 21 

acid), mw 

100,000 

Polycapro- 2C 
lactone 

Polyhy- 2C 
droxybu- 
tyric acid, 
mw 30,000 

The zone of inhibition 
culture plates seeded with 


tested on blood agar 
Staph, aureus (10 4 


Multicoating 

At times, urinary catheters or intravenous catheters coated with biomedical polyurethane and bio-active 
agents or silicone (with or without PLA) and bio-active agents are found to possess surface characteristics not 
fully desirable. To overcome this problem, the invention further comprises the provision of a second (or more) 


It has been found that a second coating applied over the biomedical polyurethane coating by spraying, 
35 dipping or otherwise, of between Q.5 to 5% of a silicone fluid such as the MDX4-4159 described in Example 1 1 
in solution in hexane, preferably 2%, after drying, renders the coated medical device, especially a catheter, 
smoother in texture, with improved lubricity and improved retention characteristics, as shown in Table XII. 
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TABLE XII 

Retention of Antibacterial Efficacy in Presence of TSB Culture 


Drug Coated 
Catheter 
Sample 


Bacterial Growth Days 


Control Heavy (++) 

Catheter No 
Antimicro- 
bial Agent 

2 cm segments of drug coated catheters (AgSD + CHA) in a biomedical polyurethane coating agent of 30/0 
Pellethane® 2363-80AE in a solvent of THF + ethanol or DMAC + ethylacetate were coated with a second 
coating by applying hereto a 2<>/o solution of MDX4-4159 in hexane. After thorough drying to remove solvent, 
the segments were suspended in 5 ml TSB containing 10 4 Staph , aureus and incubated at 37"C. Every 24 
hours, for seven days, the bacterial growth in the culture was measured by visual turbidity and colony counts 
and the catheter segment was transferred to fresh culture and the experiment repeated. 

Bacterial growth was properly suppressed for seven days. In addition, the catheters possessed smoother 
surfaces. This multicoating process can also use PLA in the first coating, and over a range of 0.2 to 2°/o, 
preferably 1%, in the coating vehicle with improved results. 


Example 1 


Coating Antimicrobial Agents and Heparin or Dextran Sulfate on I.V. Catheters 

It is sometimes important that certain medical devices possess bio-activity beyond antimicrobial effects. To 
this end, it has been found that other bio-active agents can be incorporated into the matrices without 
hampering the antimicrobial aspects. 

As a preferred embodiment, polyurethane catheters were coated with a biomedical polyurethane coating 
vehicle containing 10/ochlorhexidine + 1<VoAgSD + O.20/0 heparin. The heparin imparts anti-coagulent effects 
to the catheter. Likewise, dextran sulfate was incorporated in the same quantities. 

Table XIII, below provides data showing that the addition of heparin to the coating vehicle does not interfere 
with antimicrobial activity of the coated device. 
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TABLE XIII 

Retention of Antibacterial Efficacy in 
Heparin-Coated Catheters 

5 Retention of Antimicrobial 

Activity (Days) 
With Heparin Without 
Heparin 

10 Triple lumen 6 6 

catheter 

Single lumen 4 4 

catheter 

15 The testing was done in TSB culture as described above. The coating which was made as follows: 0.2 gm of 
heparin was dissolved in 2-3 cc of water to which 7 ml of ethyl alcohol was added. 3 gm of biomedical 
polyurethane, Pellethane® 2363-80AE, was dissolved in 75 ml of THF and the heparin solution mixed therein. 1 
gm of chlorhexidine acetate was dissolved in 15 ml of ethanol, after which 1 gm of AgSD was suspended 
therein. The antimicrobial agent solution was mixed with the polyurethane solution, and agitation maintained to 

20 insure a uniform suspension. The catheters were dipped in the solution, dried and tested. Coating can also be 
done in stages, i.e., a first coating of antimicrobial + matrix, followed by a second of heparin + matrix. 


Example 16 

25 


Coating of Wound Dressings 

30 Johnson and Johnson gauze dressings and Epilock® dressings manufactured by Dermalock Medical 
Corporation were coated with antimicrobial agents. These coated dressings were prepared using methods (a) 
and (b) above. The zone of inhibition was tested against a mixture of Ps. aeruginosa and Staph , aureus 
cultures on nutrient agar plate. 

35 TABLE XIV-A 


40 


45 


Antibacterial Activity of Johnson and Johnson 

Antimicro- 

Dress 

<Vo 

lings 

Zone of Inhibition (mm) 

bial Agent 

Antimicro- 


in 

bial Agent 


Dressings 

in Coating 



Solution 




1 day 2 day 

Method 

10 

27 20 

A-CHA 



Method 

5 

25 18 

A - AgSD 



Method 

5 + 5 

25 20 

A - CHA + 



AgSD 
None 

0 

0 0 

(Control) 
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TABLE XIV-B 
Antibacterial Activity of Epilock® Dressings 

Zone of Inhibition (mm) 


5 Days 


Method 

10 

28 

28 

43 

40 

A-CHA 






Method 

5 

30 

35 

43 

27 

A - AgSD 






Method 

5 + 5 

34 

45 

43 

27 

A-CHA + 






AgSD 
Method 

10 

27 

21 

22 

24 

B-CHA 






Method 

5 

31 

35 

35 

0 

B - AgSD 






Method 

5+5 

38 

28 

37 

30 

B - CHA + 






AgSD 
None 

0 

0 

0 

0 

0 

(Control) 







These results demonstrate the improvement in using the synergistic combination, as well as the general 
efficacy of the process. Wound dressings may also be provided with an adhesive on one side (to attach to the 
wound). In such cases, the invention further comprises seven methods of application of the antimicrobial 
agent: 

1 . Suspending the antimicrobial agents, preferably silver sulfadiazine and chlorhexidine in the quantities 
of 1-50/o total, in a carrier that evaporates but does not solubilize the adhesive, instead leaving the 
adhesive intact, e.g., an alcohol, and spraying the agent-containing carrier upon the dressing, or dipping 
the dressing into the agent-containing carrier solution. 

2. Placing the antimicrobial agents in a solution containing silicone or polyurethane (preferably 10/b) and 
a carrier (preferably ethyl acetate, THF or H 2 0 and spraying it upon the dressing, or dipping the dressing 
into it. 

3. Applying powdered antimicrobial agents (preferably silver sulfadiazine and chlorhexidine) to the 
adhesive in microlayers that do not eliminate adhesion. 

4. Admixing powdered antimicrobial agents with adhesive prior to application. 

5. Adding a biodegradable material containing antimicrobial agents to the adhesive to provide 
controlled-release through degradation. 

6. Providing spots containing antimicrobial agents, surrounded by adhesive. 

7. Providing a biodegradable or nonbiodegradable adhesive composition containing antimicrobial 
agents. 


Method of Coating Antimicrobial Agents on the Surface of Latex Gloves During Automated Manufacturing 
Process 

The invention is especially useful in the automated manufacturing of gloves. There are two methods found 
useful in the coating of the combination of chlorhexidine and silver sulfadiazine. 

Method 1 

Latex gloves are typically manufactured by (1) dipping a form in molten latex, (2) removing the latex form and 
transferring it to a dryer, (3) removing the form with attached glove from the dryer and immediately spraying it 
with a dusting powder, as it cools. A suspension of silver sulfadiazine in alcohol or water in an aqueous silicone 
latex emulsion (1-5Q/b by volume) + chlorhexidine (1-50/o + dusting powder (2-100/o) is sprayed on the gloves 
as the gloves are dispenesed from the dryer at 120°C. At this temperature, the antimicrobial agents and the 
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dusting powder particles adhere well to the soft and/or semi-molten surfaces of the gloves. The antimicrobial 
activity is not in any way altered as a consequence of this process, because of the falling temperature of the 
gloves, as they cool. This is a preferred procedure in cases where presence of other organic solvents in the 
coating process is a concern to the manufacturer. 

5 

Method 2 

Sterile corn starch-based dusting powder is admixed with silver sulfadiazine (1-5% by weight) and 
chlorhexidine (1-5% by weight) in powdered form, and the mixture is sprayed on the gloves as they are 
dispensed from the dryer at 1 20° C, and start to cool. The dusting powder with enhanced antimicrobial activity 
10 remains with the gloves. 


Preparation of Infection-Resistant Devices with Silver Sulfadiazine and Chlorhexidine Using a Mixture of 
Silicones as the Polymeric Coating Agent 

In order to obtain a coating which is lubricious, adheres well to the catheter and also releases the drug in a 
controlled dosing manner, a mixture of Silastic® Medical Adhesive Type A, a polydimethyl siloxane, and 
MDX-4-4159, a fluid silicone comprising equal parts of an amino functional Polydimethyl siloxane copolymer 
and a mixed aliphatic and isopropanol solvent were used as the polymericcoating agents. Silastic® Medical 
Adhesive Silicone Type A alone forms an undesirable surface, while the MDX-4-4159 alone does not form an 
adherent film on the surface. However, use of a mixture of these two silicones in 1:1 proportions gives a 
coating vehicle which forms a film with the desired biocompatible characteristics. The Silastic® functions as 
the bonding agent whereas the MDX-4-4159 imparts lubricity to the surface. In addition, the MDX-4-4159 
prolongs the release of the antimicrobial agent. 

The coating agent was prepared by dispersing 2.5ml of Silastic® Medical Adhesive Type A in 55mi of THF to 
which 2.5 ml of MDX-4-4159 is added. 4 g of Ag SD are suspended in 30ml and 2g of CHAare dissolved in 10ml 
of efhanol. The AgSD suspension is mixed with the silicone dispersons and finally the CHA solution is added 
dropwise while the preparation is agitated. Either 5% NEP or 50/0 DMAC can be substituted for ethanol in the 
above formulation. 

The coating agent prepared above was used to apply a coating on catheters fabricated from silicone, 
polyurethane and latex substrates. The coatings were applied by dipping and drying, as described in Example 
2. Results are given in Table XV below. 

TABLE XV 

Antibacterial Efficacy of Polyurethane I.V. 
Catheters and Latex or Silicone Urinary Catheters 
Coated with A silicone Matrix 

Catheter Type Drug in Days of 

Catheter Activity* 

Polyurethane CHA 2 
I.V. 

Polyurethane AgSD + CHA 4 
I.V. 

Latex urinary AgSD 2 

Latex urinary AgSD + CHA 4 

Silicone urinary AgSD 3 

Silicone urinary AgSD + CHA 4 

* Determined via Bioassay A. Inoculum used to 
assay urinary catheter is a 10 4 CFU of a 1:1 
mixture of Staph , epi and E. coli; 10 4 CFU of 
Staph, aureus is used to challenge the I.V. 
catheter. 


Example 19 

65 Silver sulfadiazine and chlorhexidine acetate were added over a range of proportions to cultures of Staph . 
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aureus containing 10 s colony forming units (CFU) in 2 ml trypticase soy broth (TSB) and the cultures were 
incubated along with control cultures at 37° C. 0.1 ml aliquotswere removed from these cultures and diluted to 
10 ml, a 1 :100 dilution after one hour. 0.2 ml of these diluted samples were subcultured on blood agar plates 
and colony counts were made 24 hours post incubation. The results are given in the following Table XVI. 

5 

TABLE XVI 

Synergism of Different Combinations of Silver 
Sulfadiazine (AgSD) and Chlorhexidine (CHA) 

against Staph, aureus ^ 

Concentration u.g/2 ml AgSD + Bacterial 
CHA Inhibition 
Colony 
Forming Units 

After 1 Hour IS 


0 

100u,g 

650 

25ng 

75|ig 

100 

50u.g 

50 M 

150 

75p.g 

25u,g 

100 

87.5|xg 

12.5(ig 

150 

100u.g 

0 

3,100 

0 

0 

4,100 


Example 20 


Coating of Latex Gloves 

The fingers of latex gloves were washed and dried. They were then sprayed with a fine mist spray of a 
coating solution to provide a uniform coating of solution on the glove surface, sufficient to provide complete 35 
wetting thereof without runoff. The coating solutions were prepared by dissolving Wo Silastic® Medical 
Adhesive Type A and 1% of the silicone MDX4-4159 in ethyl acetate, followed by dissolving and dispersing the 
chlorhexidine acetate and silver sulfadiazine, respectively, therein. The coating was air dried for 24 hours and 
the gloves tested using the following test: 

Treated glove fingers were draped over the tops of culture tubes with the treated side with sprayed on 40 
coating forming the inside on the cup shape. Then 3.0 ml of TSB containing 10 4 colony forming units of Staph . 
aureus was dispensed in each finger and all placed in a water bath shaker at 37° C. Samples were removed at 
15 minutes, 1 hour, 2 hours, and 4 hours, diluted 1-10, and the solution placed on blood agar in 2.0 ml amounts. 

The results of the test are summarized in the following Table XVII. 
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TABLE XVII 

Antibacterial Efficacy of Drug Coated 
5 Gloves aoainst Staph, aureus 

Drug in Coating Solution 15 ^lo r * Boup t 3 |duCh 1 juheurs 

10 None (Control) 12,000 15,000 20,000 50,000 

Chlorhexidine (1%) 100 0 0 0 

? s Silver Sulfadiazine (2%) 3,300 200 0 0 

Silver Sulfadiazine (1%) 

* Chlorhexidine (1%) 0 0 0 0 


It is noted that the gloves coated according to this procedure were flexible and met all other requirements 
25 for high quality latex gloves. 


Example 21 

30 The fingers of latex gloves were washed, dried, and sprayed with a fine mist of a coating solution to provide a 
uniform coating of solution on the glove surface, sufficient to provide a complete wetting thereof without 
runoff. The coating solutions were prepared by dissolving 1 °/o Silastic® Medical Adhesive Type A and 1 <Vo of the 
silicone MDX4-4159 in ethyl acetate, followed by dissolving or dispersing the chlorhexidine acetate and silver 
sulfadiazine respectively therein. The coating was air dried for 24 hours and the gloves tested using the 

35 following test: 

Treated glove fingers were draped over the tops of culture tubes with the treated side with sprayed on 
coating forming the inside on the cup shape. Then 3.0 ml of TSB containing 10 3 colony forming units of 
Candida albicans was dispensed in each finger and all placed in a water bath shaker at 37° C. Samples were 
removed at 15 minutes, 1 hour, 2 hours, and 4 hours. They were diluted 1-10 and plated on blood agar in 2.0 ml 
40 amounts. 


The results of the test are summarized in the following Table XVIII. 

TABLE XVIII 

Antibacterial Efficacy of Drug Coated Gloves against Candida albicans 


Drug in Coating 


Colony Counts in Culture 


Solution 





15 min. 

1 hour 2 hours 

4 hours 

None (Control) 

1,400 

2,000 4,000 

6,000 

Chlorhexidine (1<Vb) 

75 

0 0 

0 

Silver sulfadiazine 

1,650 

1,500 1,500 

2,200 

(20/0) 




Silver sulfadiazine 

0 

0 0 

0 


55 (10/o) + 

Chlorhexidine (10/o) 


As in Example 20, the gloves coated according to this procedure were flexible and met all requirements for 
60 high quality latex gloves. 


Example 22 

The fingers of latex gloves were washed and dried. They were then sprayed with a fine mist spray of the 
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coating solution in runs 1-3 below to provide a uniform coating of solution on the glove surface, sufficient to 
provide a complete wetting without runoff, after which the gloves were dried for 24 hours. In run 4, the powder 
was blown on to the gloves to form a uniform coating. 
The coating solutions were prepared having the following ingredients: 

1. 1o/o MDX4-4159 + 1% Silastic® Medical Adhesive Type A + 1% CHA + Wo AgSD + 2<>/o 
starch-based dusting powder in ethyl acetate. 
2. 1<Vo CHA + 1o/o AgSD + 2% dusting powder in ethanol. 

3. Wo chlorhexidiene gluconate (CHG) + Wo AgSD + 2<Vo dusting powder in ethanol. 

4. A mixture of CHA + AgSD + dusting powder in equal weight ratios. 

The coated gloves were tested, following the procedure set forth in Example 16 above. The results are given 
in Table XIX. 

TABLE XIX 

Antibacterial Efficacy of Drug Coated Gloves 
against Staph, aureus 

Coating Colony Counts in Culture 

Solution 

15 min. 1 hour 


It is noted that other medical gloves, including surgical and examination gloves, fabricated from other 
materials such as polyurethane, polyethylene, polypropylene, and polyvinyl acetate, may be coated following 
the process of this invention. 30 

It is further noted that in both the dry powder process and the so-called wet powder process using a vehicle 
such as ethanol, the antimicrobial powders and dusting powders may be applied separately, and in any 
sequence. 

35 

Example 23 

This example illustrates the coating of medical gloves with a coating composition containing an aqueous 
silicone emulsion. 

15 grams of starch-based dusting powder is suspended in 50 ml of deionized water. The suspension is then 40 
mixed with 44.5 ml of deionized water in which 2 grams of micronized silver sulfadiazine is suspended. To this 
mixture is added .5 cc of L.E. 46, a silicone emulsion containing 350/o dimethyl siloxane, sold by Dow Corning 
Company. Finally, 5 cc of a 20% chlorhexidine gluconate in water is added and the mixture stirred to maintain a 
uniform suspension. 

Washed latex glove fingers are dipped into the mixture and air dried for one minute to provide an adherent, 45 
infection-resistant, coating. 


Example 24 

50 

Latex urinary catheters were provided with coatings including a series of antimicrobial agents. A coating 
solution was prepared containing 6% Dow Pellethane® 80AE in solvent comprising 5<>/o NEP and 95% THF. 
The catheters were dipped in the solution to provide a uniform coating, and dried for 24 hours to remove the 
solvent. When used alone, the Ag salt was used at a 5% level. When a combination of agents were used, the 
silver salt was at a 20/o level, as was the CHA. All silver salts were very finely divided, either by grinding in a 55 
mortar and pestle, or by purchase of micronized grade materials. Three 1 cm segments of each catheter were 
placed in the center of blood agar plates seeded with 10"* CFU of a 1 :1 mixture of Staph , epi and E. coli, one 
section to each plate, and the zone of inhibition was measured after incubation at 37°C for 24 hours. The 
results are given in the following Table XX. 
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Antibacterial Efficacy of Drug Coated Urinary Catheters 

against Staph, epi and E. coli 


Drug on 



Zone of Inhibition (rr 

im), Days 



Catheter 






Days 1 

2 

3 

4 

5 6 


Chlorhexidine 

18 

23 

15 

16 

15 

14 

(CHA) 







Silver acetate 

12 

13 

12 

12 

12 

11 

Silver acetate 

20 

21 

14 

14 

12 

12 

+ CHA 







Silver 
benzoate 

13 

12 

10 

11 

11 

12 

Silver 

18 

20 

12 

13 

13 

14 

benzoate + 







CHA 







Silver 

13 

12 

12 

12 

12 

13 

carbonate 







Silver 

20 

23 

19 

12 

13 

13 

carbonate + 







CHA 







Silver iodate 

10 

0 

0 

0 

0 

0 

Silver iodate 

18 

20 

15 

14 

14 

15 

+ CHA 







Silver laurate 

22 

24 

19 

18 

18 

17 

+ CHA 







Silver protein 

10 

0 

0 

0 

0 

0 

Silver protein 

26 

28 

15 

16 

16 

17 

+ CHA 







Silver 

26 

26 

23 

18 

18 

18 

palmitate + 







CHA 







Silver 

11 

6 

6 

10 

10 

10 

chloride 







Silver 

20 

15 

14 

15 

15 

15 

chloride 4- 







CHA 







Silver oxide 

14 

12 

11 

12 

12 

12 

Silver oxide 

22 

25 

15 

14 

15 

15 

- CHA 







Silver 

8 

8 

7 

10 

10 

10 

sulfadiazine 







Silver 

20 

15 

15 

15 

16 

16 

sulfadiazine 







+ CHA 







Silver tannate 

20 






+ CHA 








* Experiment discontinued after 1 day because of poor quality coating. 


Example 25 

I.V. catheters fabricated of Pellethane® 2363-90A were provided with coatings including a series of 
antimicrobial agents. A coating solution was prepared containing 6<Vo Dow Pellethane® 2363-80AE and the 
drug in a solvent comprising 5<Vo N-ethyl-2-pyrroiidone (NEP) and 95% tetrahydrofuran (THF). When used 
alone, the Ag salt was used at a level of 5%. When combined with CHA, each was used at a level of 2%. The 
catheters were dipped in the solution to provide a uniform coating on the device, and thereafter allowed to dry 
for 24 hours to remove the solvent. 

Three 1 cm segments of each catheter were placed in the center of blood agar plates seeded with 10 4 CFU 
of Staph , aureus , one section to a plate, and the zone of inhibition was measured after 24 hours at 37° C. 
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Results, expressed as the average of 3 determinations, are given in the following Table XXI. 

TABLE XXI 

Antibacterial Efficacy of Drug Coated I.V, Catheters against Staph, aureus 
Zone of Inhibition (mm), 


1 


Catheter 

Chlorhexidine 15 12 12 

(CHA) 

Silver acetate 10 8 10 

Silver acetate 18 11 11 

+ CHA 

Silver benzoate 12 8 11 

Silver benzoate 18 11 25 

+ CHA 

Silver carbonate 11 7 10 

Silver carbonate 17 12 17 

+ CHA 

Silver iodate 7 0 0 

Silver iodate + 18 12 17 

CHA 

Silver laurate + 25 13 21 

CHA 

Silver protein 10 0 0 

Silver protein + 19 11 12 

CHA 

Silver chloride 9 5 6 

Silver chloride 18 11 17 

+ CHA 

Silver oxide 11 7 10 

Silver oxide + 20 10 13 

CHA 

Silver 13 5 8 

sulfadiazine 

Silver 16 11 15 

sulfadiazine + 

CHA 

Silver tannate 19 
+ CHA 

* Experiment discontinued after 1 day because of poor quality coating. 


Example 26 

50 

I.V. catheters fabricated of Peliethane® 2363-90A were provided with coatings including a series of 
antimicrobial agents. A coating solution was prepared containing 6°/o Dow Peliethane® 2363-80AE and the 
drug in a solvent comprising 5% N-ethy!-2-pyrrolidone (NEP) and 95°/o tetrahydrofuran (THF). When used 
alone, the Ag salt was used at a level of 5%. When combined with CHA, each was used at a level of 2°/o. The 
catheters were dipped in the solution to provide a uniform coating on the device and thereafter allowed to dry 55 
for 24 hours to remove the solvent. 

1 cm segments of each catheter were soaked in TSB and incubated at 37° C in a water bath shaker. At 
intervals of 0, 3, 9, and 12 days, 3 segments were recovered from each group, placed in the center of blood 
agar plates seeded with 10 4 CFU of Staph , aureus , one section to a plate, and the zone of inhibition was 
measured after 24 hours at 37° C. Results, expressed as an average of 3 determinations, are given in the 60 
following Table XXII. 
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TABLE XXII 

Antibacterial Efficacy of Drug Coated I.V. Catheters against Staph , aureus in Presence of Trypticase Soy 
Broth 

5 Drug on Ca theter Zone of Inhibition (mm), Days 

3 6 ? 12 


Chlorhexidine 

14 

12 

12 

11 

(CHA) 





Silver acetate 

9 

9 



Silver acetate + 

15 


12 

10 

CHA 





Silver benzoate 

10 

10 


10 

Silver benzoate + 

13 

10 

12 

12 

CHA 





Silver carbonate 

10 

10 

12 


Silver carbonate + 

14 

13 

13 


CHA 





Silver iodate 

2 

0 


0 

Silver iodate + 

15 

15 

10 

10 

CHA 





Silver iaurate + 

26 

15 

15 

15 

CHA 





Silver protein 



o 

0 

Silver protein + 

15 

12 

15 

15 






Silver paimitate + 

26 

15 

15 

17 

CHA 





Silver chloride 

5 

6 

6 

6 

Silver chloride + 

20 

13 

13 

14 

CHA 





Silver oxide 

9 

9 

9 

9 
12 

Silver oxide + CHA 

13 

13 

12 

Silver sulfadiazine 

9 

9 

9 

9 

Silver sulfadiazine 

19 

14 

12 

12 

+ CHA 





Cuprous oxide 

4 

0 

0 

0 

Cuprous oxide + 

17 

13 

12 

12 

CHA 






Example 27 

I.V. catheters fabricated of Pellethane® 2363-90A were provided with coatings incorporating a series of 
antimicrobial agents. A coating solution was prepared containing 3<Vo Dow Pellethane® 2363-80AE and the 
drug in a solvent comprising 5°/o N-ethyl-2-pyrrolidone (NEP) and 950/o tetrahydrofuran (THF). The AgSD was 
micronized; the Ag carbonate was ground thoroughly in mortar and pestle to very fine particle size. The 
catheters were dipped in the solution to provide a uniform coating on the device and thereafter allowed to dry 
to remove the solvent. 

1 cm segments of each catheter were treated and tested according to the procedure set forth in Example 
26. The results obtained, expressed as maximum period of retention of activity, are given in Table XXIII below. 
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TABLE XXIII 

Retention of Antibacterial Efficacy of Different 
Drug Coated Catheters (Polyurethane I.V.) in TSB 
Culture (1Q4 Staph, aureus) 


Drugs in Coating Days of Activity 

Solution Retained 

None 0 

AgSD (50/o) 1 10 

CHA (1o/o) 3 

AgSD + CHA (Wo + 5 
10/0) 

Ag Carbonate + CHA 5 

(10/0 + 10/0) 15 


It is to be understood that the above-described embodiments are illustrative of the application of the 
principles of the invention. Numerous other arrangements, processes, or compositions may be devised by 
those skilled in the art without departing from the spirit and scope of the invention. 20 


Claims 

1 . A method of preparing an infection-resistant surface, characterized by preparing a coating vehicle by 25 
dispersing a matrix-forming polymeric material selected from the group consisting of biomedical 
polyurethane, biomedical silicones, biodegradable polymers and combinations thereof, in at least one 
solvent therefor, incorporating at least one antimicrobial agent in the coating vehicle to form a coating 
composition, coating the surface with the coating composition, and drying the coating. 

2. The method of Claim 1, characterized in that the matrix-forming polymeric material is biomedical 30 
polyurethane preferably at a concentration in the range of 1 to 10%. 

3. The method of Claim 1, characterized in that the matrix-forming polymeric material is a mixture of 
biomedical silicone and a biodegradable polymer, preferably polyflactic acid) at a concentration in the 
range of 0.2 to 20/0. 

4. The method of Claim 1 , characterized in that the matrix-forming polymeric material is a mixture of 35 
biomedical silicone and biomedical polyurethane. 

5. The method of any of Claims 1 to 4, characterized in that the solvent is selected from the group 
consisting of acetic acid, methyl acetate, dimethylacetamide, ethyl 2-pyrrolidone, N-(2-hydrox- 
yethyl)-2-pyrrolidone, N-cyclohexyl-2-pyrrolidone, and combinations thereof. 

6. The method according to any of Claims 1 to 5, characterized in that the antimicrobial agent is 40 
selected from the group consisting of silver and its salts, the biguanides, polymyxin, tetracycline, 
aminoglycosides such as tobramycin and gentamicin, rifampicin, bacitracin, meomycin, chloramphenicol, 
miconazole, quinolones such as oxolinic acid, norfloxacin, nalidixic acid, pefloxacin, enoxacin and 
ciprofloxacin, penicillins such as oxacillin and pipracil, nonoxynol 9, fusidic acid, cephalosporins, and 
combinations thereof. 45 

7. The method according to Claim 6, characterized in that said silver salts are selected from the group 
consisting of silver acetate, silver benzoate, silver carbonate, silver iodate, silver iodide, silver lactate, 
silver laurate, silver nitrate, silver oxide, silver palmitate, silver protein, and silver sulfadiazine. 

8. The method according to Claim 6, characterized in that the biguanide is a chlorhexidine salt and is 
preferably selected from the group consisting of chlorhexidine, acetate, chlorhexidine gluconate, 50 
chlorhexidine hydrochloride, and chlorhexidine sulfate. 

9. The method according to Claim 6, characterized in that the antimicrobial agent is a combination of a 
silver salt and a biguanide, preferably a salt of chlorhexidine. 

10. The method according to Claim 9, characterized in that the antimicrobial agent is a combination of 
silver sulfadiazine and a salt of chlorhexidine, preferably chlorhexidine acetate. 55 

11. The method according to any preceding Claim, characterized in that the surface is a surface of a 
medical device such as a catheter, contraceptive, a condom, a medical glove, a wound dressing, a wound 
clip, an orthopedic implant, a suture, an arterial graft, or a hernia patch. 

12. The method according to any one of Claims 1 to 10, characterized in that said surface is one intended 

to contact health care patients such as a surface of a bed pan, a table top, a patient bed, the surface of a 60 
surgical apparatus, or an operating room surface. 

13. The method of any preceding Claim, characterized in that at least one antimicrobial agent is dissolved 
or suspended in the coating vehicle. 

14. The method of any of Claims 1 to 12, characterized in that at least one antimicrobial agent is dissolved 

in a solvent which is miscible with the solvent for the matrix-forming polymeric material and which is 65 
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subsequently incorporated into the coating vehicle. 

15. A method of preparing an infection-resistant surface comprising preparing a first coating vehicle by 
dispersing a biomedical polyurethane in a solvent therefor, and optionally from 0.2 to 2% polylactic acid, 
and incorporating therein at least one antimicrobial agent; preparing a second coating vehicle by 

5 dispersing a biomedical silicone in a solvent therefor preferably at a concentration of 0.5 to 5<Vo; applying 

said first coating vehicle to the surface and allowing it to form an adherent first coating ; and applying said 
second coating over said first coating to form a second coating adherent to said first coating. 

16. The method according to Claim 15, characterized in that antimicrobial agent is a chlorhexidine salt, 
preferably chlorhexidine acetate, at a level in the range of 0.5 to 3% and silver sulfadiazine in an amount 

10 within the range of 0.5 to 50/o. 

17. The method according to Claim 15 or 16, characterized in that the first coating vehicle further 
comprises a biodegradable polymer. 

18. An infection-resistant composition comprising a coating vehicle comprising a biomedical 
polyurethane in at least one solvent therefor and an antimicrobial agent. 

15 19. A composition according to claim 18, characterized in that the antimicrobial agent is selected from 

the group consisting of silver and its salts, the biguanides, polymyxin, tetracycline, aminoglycosides such 
as tobramycin and gentamicin, rifampicin, bacitracin, neomycin, chloramphenicol, miconazole, quino- 
lones such as oxolinic acid, norfloxacin, nalidixic acid, pefloxicin, enoxacin and ciprofloxacin, penicillins 
such as oxacillin and pipracil, nonoxynol 9, fusidic acid, cephalosphorins, and combinations thereof. 

20 20. A composition according to Claim 18 or 19, characterized in that the antimicrobial agent comprises a 

combination of a silver salt such as silver sulfadiazine and a biguanide such as chlorhexidine acetate in an 
amount effective to provide sustained antimicrobial effects when the composition is applied to a surface 
as a coating and dried. 

21. A method of impregnating expanded PTFE medical devices, particularly vascular grafts which 
25 comprise preparing a coating vehicle comprising biomedical polyurethane and a biodegradable polymer, 

preferably poly(lactic acid), in a solvent therefor, together with at least one member of the group 
consisting of chlorhexidine and its salts, and pipracil as antimicrobial agents, placing said graft in contact 
with the coating vehicle while under reduced atmospheric pressure, and drying the treated graft. 

22. The process of Claim 21, characterized in that the coating vehicle contains 0.25 to 1% biomedical 
30 polyurethane, 0.25 to 1% poly(lactic acid), Wo chlorhexidine acetate and 30/0 pipracil in a solvent 

comprising 25% N-ethyl-2-pyrroiidone and 75% tetrahydrofuran. 

23. An expanded PTFE vascular graft, a substantial proportion of the interstices of which contains a 
coating composition comprising, by weight, one part biomedical polyurethane, one part poly(lactic acid), 
one part chlorhexidine acetate, and three parts pipracil. 

35 24. A method of preparing an infection-resistant medical device which comprises: 

(a) preparing a mixture of mixture of silver or a silver salt such as silver sulfadiazine or silver 
carbonate and a biguanide; and 

(b) applying said mixture to the surface of a medical device. 

25. The method of Claim 24, wherein the mixture is affixed to the surface of the device. 
40 26. The method of Calim 24, wherein the mixture is applied to the surface as a powder. 

27. The method of Claim 24, wherein the mixture is applied as an ingredient of a polymeric coating. 

28. A method of preparing an infection-resistant medical device which comprises: 

(a) preparing a mixture of 

(i) asubstance selected from the group consisting of chlorhexidine and its salts; and 
45 (ii) a silver salt selected from the group consisting of silver sulfadiazine, silver acetate, silver 

benzoate, silver iodate, silver laurate, silver protein, silver chloride, silver palmitate, silver oxide, silver 
carbonate and silver nitrate; and 

(b) applying the mixture to the surface of a medical device. 

29. A method of preparing an infection-resistant medical device which comprises: 

50 (a) preparing a mixture of chlorhexidine acetate and silver sulfadiazine, in proportions by weight 

ranging from 1 :9 to 9:1 ; and 

(b) applying the mixture to the surface of a medical device, the mixture being present at a level on 
the surface to impart substantial antimicrobial activity thereto. 

30. The method of Claim 29, characterized in that the mixture is present in a coating on the surface at a 
55 level in the range of 1 0 to 70% by weight. 

31 . A method according to Claim 24, which comprises: 

(a) preparing a powdered mixture of 

(i) a member of the group consisting of chlorhexidine and its salts ; and 

(ii) a silver salt selected from the group consisting of a silver salt selected from the group consisting 
SO of silver sulfadiazine, silver oxide, silver carbonate and silver nitrate, silver acetate, silver benzoate, 

silver iodate, silver laurate, silver protein, silver chloride, silver palmitate; 

(b) treating a surface of a medical device to render it at least slightly adhesive; and 

(c) applying said powdered mixture to the surface of the medical device in a manner to cause 
adhesion to the powder thereto. 

65 32. A method according to Claim 31 , characterized in that the medical device is a glove, such as a latex 
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glove. 

33. The method of Claim 32, where the glove is a thermoplastic latex and characterized in that the 
powder is applied to the glove at a point in the manufacturing process where the glove surface is soft, 
whereby the power particles adhere to the glove surface. 

34. A method according to Claims 31 , 32 or 33, characterized in that the mixture is applied by spraying a 5 
dry powdered mixture of dusting powder, a silver salt, and a biguanide. 

35. A method according to Claim 31 or 32, characterized in that the mixture is applied by dipping the 
device into an aqueous or alcoholic slurry of dusting powder, a silver salt, and a biguanide. 

36. A method of imparting infection-resistance to medical devices comprised of expanded PTFE 
materials comprising the step of applying to the device a coating vehicle comprising a biodegradable 10 
polymer, a silver salt and a biguanide. 

37. A method of coating medical devices comprised of expanded PTFE materials to impart 
infection-resistance thereto comprising the steps of first dipping the device into a suspension of sodium 
sulfadiazine, chlorhexidine acetate and biodegradable polymer in alcohol-tetrahydrofuran (10:90), 
followed by a second step of dipping the device into alcoholic silver nitrate solution. 15 

38. The method of Claims 1, 3, 4 or 15 to 17, characterized in that the coating vehicle comprises a room 
temperature-curing biomedical silicone. 

39. The method of Claim 1,3, 4 or 15 to 17, characterized in that the coating vehicle comprises a mixture 
of a polydimethyl siloxane medical adhesive and a silicone fluid comprising an amino functional 
polydimethyl siloxane copolymer and mixed aliphatic and isopropanol solvents. 20 
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© Pressure actuated valve particularly for biological use. 


© The present invention provides a single channel 
needle assembly particularly for the recovery of a 
biologically active component such as a human em- 
bryo, which assembly comprises a single channel 
transcutaneous needle (1 ), 

a three-way connector assembly (2) operatively as- 
sociated with a remote end of said needle; wherein 
one channel (4) of said three-way assembly (2) is 
obturated by a valve assembly (5) comprising a 
resilient membrane (10) provided with at least one 
slit (6.7.) held under tension across said channel, 
said resilient membrane being arranged such that 

j^the slit remains closed during normal aspiration. 

^ The invention also provides a method for the 
recovery of a biologically active component utilising 

^the single channel needle assembly as described. 
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PRESSURE ACTUATED VALVE PARTICULARLY FOR BIOLOGICAL USE 


The present invention relates to a pressure 
actuated valve particularly for biological use. 

Pressure actuated valves are known in the art. 
Such valves are adapted to open when a pre- 
determined pressure differential has been estab- 
lished, and to close when such differential is re- 
moved, see for e.g. US-A-3734126. With delicate 
biological materials, however, the moving parts as- 
sociated with such valve assemblies render them 
quite unsuited for use since the protrusions and 
associated parts tend to damage biological ma- 
terial; particularly sensitive biological material such 
as oocytes. According, therefore, to an aspect of 
the invention there is provided a pressure actuated 
valve characterised by a resilient membrane having 
at ieast one slit and held across a fluid pathway 
under tension, whereby a pressure above a thresh- 
old value is required to open the slit. 

The pressure may be positive or negative and 
may be exerted upstream or downstream of the 
valve so as to exceed the threshold value. Where 
such pressure differentials are exerted it is possible 
to arrange that only one of the positive or negative 
pressures actuate the valve. This may be effected 
by arranging that the slit portions of the membrane 
are not merely planar, but overlap at a predeter- 
mined side. 

The membrane may have a single or multiple 
slit therein and may be formed of one or a plurality 
of layers, which layers may be conveniently utilised 
to form the overlapping embodiment. By utilising 
overlapping slits a one-way facility can be provided 
according to the sides the overlapping slits are 
applied and the direction, upstream or downstream, 
from which the pressure is applied. 

In a particular embodiment the valves of the 
invention are applied to a biologically active com- 
ponent, e.g. an oocyte, recovery device. Accord- 
ingly, there is provided a single channel needle 
assembly for the recovery of a biologically active 
component, which assembly comprises: 
a single channel transcutaneous needle, 
a three-way connector assembly operatively asso- 
ciated with a remote end of said needle; 
characterised in that one channel of said three-way 
assembly is obturated by a valve assembly com- 
prising a resilient membrane provided with at least 
one slit held under tension across said one chan- 
nel, said resilient membrane bring arranged such 
that the slit remains closed during normal aspira- 
tion. In such an arrangement the three-way connec- 
tor is preferably connected between the remote 
end of the needle and a collection channel leading 
to a collection vessel. The third channel is a flush- 
ing channel provided with a membrane valve as 


just described. By this means the pressure from a 
hypodermic syringe, for example, is sufficient to 
deform the membrane to allow the flushing solution 
to enter the needle. When flushing has been com- 

s pleted a negative pressure may be applied to as- 
pirate the collection channel which draws a biologi- 
cal component into a collecting vessel via the col- 
lecting channel, without emptying the flushing 
channel because this is closed by the membrane 

io valve. It is most desirable that the valve is flushed 
with the sides of the main channel in the three-way 
connector so that no protruburances which might 
damage the oocyte are present. By this means the 
oocytes can be withdrawn past the entrance to the 

is flushing channel without bruising and without the 
possibility that they will be taken up into the flush- 
ing channel. 

In another aspect of the invention there is pro- 
vided a method for the recovery of a biologically 

20 active component, which method comprises; 

inserting a single channel needle assembly into the 
body to a site juxtaposed said component, 
introducing a flushing solution into the body via 
said needle, and aspirating said component via 

25 said single channel; 

characterised in that the remote end of the needle 
is operatively associated with a three-way valve 
assembly, said valve assembly being provided in 
one channel with a resilient membrane provided 

30 with at least one slit held under tension across said 
one channel, said resilient membrane being ar- 
ranged such that said slit remains closed during 
normal aspiration, but opens under pressure from 
said flushing solution. 

35 In a final aspect of the invention there is pro- 
vided a method of inducing pregnancy in an infer- 
tile mammalian female, which method comprises 
recovering an oocyte from the follicle by inserting a 
single channel needle assembly into the ovarian 

40 follicle, introducing a flushing solution into the fol- 
licle via said, needle, aspirating said component via 
said single channel, causing said oocytes to be 
fertilised in vitro and implanting said fertilised oo- 
cytes into the uterine endometrium to establish 

45 pregnancy, 

characterised in that the recovery of the oocytes is 
effected by an arrangement wherein the remote 
end of the needle is operatively associated with a 
three-way valve assembly, said valve assembly 

so being provided in one channel with a resilient 
membrane provided with at least one slit held 
under tension across said one channel, said resil- 
ient membrane being arranged such that said slit 
remains closed during normal aspiration, but opens 
under pressure from said flushing solution in use. 
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The invention will now be described, by way of 
illustration only, with reference to the accompany- 
ing drawings wherein: 

Figure 1 shows in vertical cross-section a 
three-way collector incorporating a valve assembly 
in accordance with the present invention, and 

Figures 2 and 3 show plan views from above 
of valve membranes in accordance with the present 
invention. 

In accordance with the present invention, and 
with reference to Figure 1 , a three-way connector 2 
formed of a trans parent plastics material is pro- 
vided with a longitudinal channel 9. Said channel 9 
is a sliding fit relative to the one end of a tran- 
scutaneous single lumen needle 1, and in respect 
of a collecting channel catheter 3. As an initial point 
of assembly the needle 1 and the channel 3 are 
urged into sliding abutment with the body of the 
three-way connector 2. 

The body of the three-way connector 2 is pro- 
vided with an upstanding triangular portion 2a 
which in turn supports a flushing channel 4 which 
passes through the body of the support 2a and 
terminates between the respective ends of the nee- 
dle 1 and the channel 3. Positioned at this point of 
juncture is the valve 5. The flushing channel 4 may 
of course meet the channel 3 at any desired angle, 
for example 90* , if the design of the portion 2a is 
amended. 

The valve 5, as may be seen from Figures 2 
and 3, may be formed of a supporting annulus 8 
which holds a membrane 10 under tension. With 
reference to Figure 2 plane slits are made in the 
membrane 10. In Figure 3 overlapping portions 7 
replace the plane slits 6 whereby the threshold 
pressures required to open the slits will be different 
depending on the direction from which the pres- 
sure is applied. 

The arrangements as just described are par- 
ticularly useful in oocyte recovery which is a proce- 
dure used in both in-vitro fertilisation and gamete 
intrafallopian transfer techniques. In these tech- 
niques the needle 3 is passed by transcutaneous 
puncture and is directed by ultrasound or lapar- 
scopy to an ovarian follicle. The follicle is punc- 
tured by the needle in order to aspirate the oocytes 
via the needle to a collection vessel. 

Previously there have been two types of oo- 
cyte recovery needles in use: single channel as 
hereinbefore described, and double channel. In 
both cases a Heparinised solution is introduced to 
flush oocytes from the follicles. Although a double 
channel needle makes aspiration of the freed oo- 
cytes more readily achieved, it also means a larger 
diameter needle which increases trauma during its 
introduction and also on puncture of the follicle. 
Further, the application of negative pressure to the 


aspirating channel of the double channel needle 
can result in oocytes being lodged in the Heparin 
channel thereby resisting aspiration. For this rea- 
son a single channel needle tends to cause less 

5 problems in that its introduction and follicle punc- 
ture can be achieved with less trauma, in this 
arrangement Heparin is expressed through the nee- 
dle via the flushing channel 4. In this process the 
collection channel 3 is temporarily obturated by 

w compression, allowing the Heparin solution to pass 
to the follicles. This may be achieved because 
Heparin from a hypodermic syringe, for example, 
can be introduced under pressure down the flush- 
ing tube 4, the pressure exceeding the threshold 

15 pressure and thereby allowing the Heparin solution 
to pass into the lumen of the needle 1. When a 
sufficiency of Heparin solution has passed down 
the needle 1 the oocytes are withdrawn by aspira- 
tion along the collecting channel 3. The negative 

20 pressure applied is below the threshold value of 
the valve membrane 5 and, with the compression 
removed, the aspirated Heparinised solution bear- 
ing oocytes is withdrawn to the collecting vessel. 
This arrangement prevents the oocytes from pass- 

25 ing into the channel 4, avoids bruising them, and 
prevents Heparinised solution remaining in the 
channel 4 from flowing into the collection vessel. 
This is important because it is only possible to 
correctly aspirate the follicle if the valve 5 is 

30 closed. — 

Accordingly, the invention provides a pressure 
actuated valve as hereinbefore described, a mem- 
brane for such a valve, and a method for the 
operation of a presure actuated valve. 

35 

Claims 

1. A single channel needle assembly for the 
w recovery of a biologically active component, which 

assembly comprises; 

a single channel transcutaneous needle (1), 

a three-way connector assembly (2) operatively 

associated with a remote end of said needle; 

45 characterised in that one channel (4) of said three- 
way assembly (2) is obturated by a valve assembly 
(5) comprising a resilient membrane (10) provided 
with at least one slit (6.7.) held under tension 
across said one channel, said resilient membrane 

50 being arranged such that the slit remains closed 
during normal aspiration. 

2. An assembly as claimed in claim 1 charac- 
terised in that the membrane is formed with at least 
two layers with slits (7) out of register but in 

55 communication, thereby to form an overlap siit. 


3 


3. An assembly according to claim 2 wherein 
the slits overlap to provide different pressure 
thresholds at upstream and downstream sides of 
the membrane. 

4. A method for the recovery of a biologically 5 
active component, which method comprises; 

inserting a single channel needle assembly into the 
body to a site juxtaposed said component, 
introducing a flushing solution into the body via 
said needle, and aspirating said component via 10 
said single channel; 

characterised in that the remote end of the needle 
(1 ) is operatively associated with a three-way valve 
assembly (2), said valve assembly being provided 
in one channel (4) with a resilient membrane (5) 75 
provided with at least one slit (6.7.) held under 
tension across said one channel, said resilient 
membrane being arranged such that said slit re- 
mains closed during normal aspiration, but opens 
under pressure from said flushing solution. 20 

5. A method according to claim 4 characterised 
in that the component is a mammalian oocyte, and 
wherein the flushing solution is introduced by ob- 
turating the aspiration channel prior to introduction 

cf the flushing solution under pressure. 25 

6. A method of inducing pregnancy in an infer- 
tile mammalian female, which method comprises 
recovering an oocyte from the follicle by inserting a 
single channel needle assembly into the ovarian 
follicle, 30 
introducing a flushing solution into the follicle via 

said needle, aspirating said component via said 
single channel, causing said oocytes to be fertilised 
in vitro and implanting said fertilised oocytes into 
the uterine endometrium to establish pregnancy, 35 
characterised in that the recovery of the oocytes is 
effected by an arrangement wherein the remote 
end of the needle (1 ) is operatively associated with 
a three-way valve assembly (2), said valve assem- 
bly being provided in one channel (4) with a resil- 40 
ient membrane (5) provided with at least one slit 
(6.7.) heid under tension across said one channel, 
said resilient membrane being arranged such that 
said slit remains closed during normal aspiration, 
but opens under pressure from said flushing solu- 45 
tion in use. 

7. A method according to claim 6 characterised 
in that the solution is a heparinized solution. 


55 
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i) Suction catheter assemblies. 

J) A closed system suction catheter assembly 
has a protective sleeve 2 enclosing an aspirat- 
ing catheter 1 extending though a sliding seal 
50 in a patient coupling 4. The catheter 1 has an 
antimicrobial surface such as formed by silver 
sulfadiazine which reduces the accumulation of 
bacteria and prolongs the useful life of the 
assembly. 
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This invention relates to suction catheter assem- 
blies of the kind for use in removing undesirable fluid 
from the respiration passages of a patient, the cath- 
eterassembly including an aspirating catheter having 
a proximal end and a distal end suitable for insertion 
into a patient, a vacuum coupling located in the vicin- 
ity of the proximal end of the aspirating catheter, a pa- 
tient coupling mounted to surround the aspirating 
catheter in the vicinity of the distal end of the aspir- 
ating catheter, and a flexible protective sleeve ex- 
tending along the aspirating catheter where it extends 
between the patient coupling and the vacuum cou- 
pling, and the patient coupling having a sliding seal 
with the external surface of the aspirating catheter 
such that the catheter is wiped by the seal as it is ad- 
vanced and withdrawn periodically through the slid- 
ing seal into the protective envelope. 

In such assemblies the patient coupling has one 
port connected to a tracheal tube and twofurtherside 
ports by which ventilation of the patient can take 
place. In use, the machine end of the catheter is con- 
nected to a suction source via a valve. Secretions that 
build up on the inside of the tracheal tube, the trachea 
and bronchi can be periodically removed by advanc- 
ing the catheter through the coupling and down the 
tracheal tube and opening the valve. The coupling en- 
ables ventilation of the patient to continue while suc- 
tioning takes place. 

Examples of catheter assemblies having an as- 
pirating catheter which is contained within a sleeve 
and which can be pushed through a sliding seal on a 
coupling are described in several patents, such as US 
3,991,752 to Radford; US 4,569,344 to Palmer; US 
4,638,539 to Palmer; US 4,696,296 to Palmer; US 
4,825,859 to Lambert; US 4,834,726 to Lambert; US 
4,836,199 to Palmer; US 4,838,255 to Lambert; US 
4,872,579 to Palmer; US 4,938,741 to Lambert; US 
4,967,743 to Lambert; US 4,981,466 to Lambert; US 
5,025,806 to Palmer; US 5,029,580 to Radford; US 
5,060,646 to Page; US 5,065,754 to Jensen; US 
5,073,164 to Hollister; and GB 2207736 to Hollister. 
Suction catheter assemblies of this kind are also 
available from Smiths Industries Medical Systems Inc 
under the trade mark STERICATH and from Ballard 
Medical Products Inc under the trade mark TRACH- 
CARE. 

The sliding seal in the assembly removes some 
of the secretions clinging to the outside of the aspir- 
ating catheter each time it is withdrawn but, neverthe- 
less, some will remain on the external surface of the 
catheter. These secretions contain microbes from the 
patient that can colonize to larger populations and 
present a potential risk to the patient on reintroduction 
of the catheter. In some assemblies, irrigating fluid 
can be applied to the outside of the catheter which 
helps remove secretions but does not completely re- 
move them. 

The environment within the protective sleeve en- 


courages the multiplication of bacteria on the outside 
of the catheter and, for this reason, the time for which 
the suction catheter assembly can be used is gener- 
ally limited to about 24 hours. This is a disadvantage 

5 because each time the assembly has to be removed 
and replaced, ventilation of the patient must be inter- 
rupted. The opening of the ventilation circuit can allow 
external microbes to be introduced into the patient 
causing nosocomial infections. Also, the repeated re- 

10 placement of the assemblies leads to increased cost 
and waste, with the consequent disposal difficulties 
involved with soiled surgical products. Closed system 
suction catheter assemblies have considerable ad- 
vantages to the user compared with conventional 

15 suction catheters so it is highly desirable for the cost 
of using the assemblies to kept as low as possible in 
order to encourage their use. Any assembly which 
can be used safely for a longer period would, there- 
fore, bring with it cost savings and advantages to the 

20 patient. 

It is an object of the present invention to provide 
a suction catheter assembly which can be used for a 
longer period. 

According to one aspect of the present invention 

25 there is provided a tracheal suction catheter assem- 
bly of the above-specified kind, characterised in that 
the aspirating catheter has at least an external sur- 
face with antimicrobial properties that minimize the 
accumulation of bacteria on the external surface of 

30 the catheter. 

According to another aspect of the present inven- 
tion there is provided a suction suction catheter as- 
sembly for use in removing undesirable fluid from a 
patient, the catheter assembly including an aspirating 

35 catheter having a proximal end and a distal end suit- 
able for insertion into a patient, a vacuum coupling lo- 
cated in the vicinity of the proximal end of the aspir- 
ating catheter, a patient coupling mounted to sur- 
round the aspirating catheter in the vicinity of the dis- 

40 tal end of the aspirating catheter, the patient coupling 
having a sliding seal with the external surface of the 
aspirating catheter, and a protective sleeve extending 
along the aspirating catheter where it extends be- 
tween the patient coupling and the vacuum coupling, 

45 characterised in that the assembly has an antimicro- 
bial substance on a component of the assembly that 
is effective to reduce transfer of bacteria from the ex- 
ternal surface of the catheter to the patient. 

The antimicrobial surface is preferably provided 

so by an antimicrobial substance incorporated within the 
wall of the catheter. Alternatively, an antimicrobial 
coating could be formed by a coating on the external 
surface of the catheter. The antimicrobial surface 
may be provided by a substance including a silver 

55 compound such as silver sulfadiazine. The antimicro- 
bial substance may include a silver compound with a 
binder such as alumino-silicate or hydroxyapitate. Al- 
ternatively, the antimicrobial substance may include 
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a silver compound with a polymer attachment sub- 
stace. The antimicrobial substance may include 
chlorhexidene. The aspirating catheter may be sub- 
stantially of PVC. 

It has previously been proposed to coat cat heters 
which remain in the body for prolonged periods with 
an antimicrobial substance so as to reduce the risk of 
infection. Examples of these previous catheters in- 
clude urinary catheters and venous catheters (such 
as the Arrow Antiseptic Multi-Lumen Central Venous 
Catheter). These catheters remain in the body and 
are disposed of after use. By contrast, in the present 
invention the catheter remains outside the body for 
the majority of the time and is periodically inserted 
and removed through a sliding seal. It has been dis- 
covered that an antimicrobial surface on an aspirating 
catheter is effective to reduce the build up of bacteria 
outside the body and that the antimicrobial properties 
remain effective even though the catheter passes re- 
peatably through a sliding seal. 

A suction catheter assembly according to the 
present invention, will now be described, by way of ex- 
ample, with reference to the accompanying drawings, 
in which: 

Figure 1 is a perspective view of the assembly; 
and 

Figure 2 is a sectional view of the assembly; to a 
larger scale. 

The suction catheter assembly comprises an as- 
pirating catheter 1 that extends within a flexible, pro- 
tective sleeve 2 between a vacuum connecting mem- 
ber 3 and a patient connecting member 4. 

The aspirating catheter 1 has an outside diameter 
of about 4-5mm and a length of about 55cm. In the il- 
lustrated example, the catheter 1 has a single lumen 
10 although catheters with multiple lumens for use in 
irrigation, oxygen supply or medication delivery could 
be used. At its machine or proximal end, the catheter 
1 is secured to the vacuum connecting member 3. 

The vacuum connecting member 3 is moulded 
from a rigid plastics material and has a bore (not 
shown) extending along it into one end of which the 
catheter 1 is bonded. The opposite end of the bore ex- 
tends through a spigot 31 which, in use, is connected 
to tubing 5 which extends to a vacuum or suction 
source 6. The vacuum connecting member 3 includes 
a conventional manually-operated valve 32 which 
normally prevents flow through the connecting mem- 
ber 3 and catheter 1 but which can be pressed down 
by the user to open the valve and connect the lumen 
10 of the catheter to the suction source 6. 

The proximal end of the sleeve 2 is secured to the 
vacuum connecting member 3 beneath a threaded 
collar 33 secured to the distal end of the vacuum con- 
necting member. The distal end of the sleeve 2 is sim- 
ilarly secured to the patient connecting member 4 by 
means of a threaded collar 43 which is screwed onto 
a threaded, proximal extension 44 of the patient con- 


necting member. 

The patient connecting member 4 is of generally 
cruciform shape. At its distal, or patient end, the con- 
necting member 4 has a female luer coupling 40 

5 which is aligned with the axis ofthememberand with 
the proximal extension 44. The coupling 40 is adapted 
to be connected to a cooperating coupling 41 on the 
end of a tracheal tube 42. Two side ports 45 and 46 
extend at right angles to the axis of the connecting 

10 member, directly opposite one another, about midway 
along the length of the connecting member. These 
two side ports 45 and 46 communicate directly with 
the interior of the coupling 40 and are used in the con- 
ventional manner to connect with ventilation appara- 

15 tus. One port may be used for inhalation gas and the 
other port used for exhalation gas. Alternatively, one 
of the ports 46 may be closed by a cap 47 and inha- 
lation and exhalation both be effected through the 
other port 45. 

20 The patient connecting member4 includes a slid- 
ing seal 50 in the form of a resilient diaphragm with 
a central aperture 51 through which extends the as- 
pirating catheter as a close sliding fit. 

The aspirating catheter 1 is mainly of PVC but 

25 contains an antimicrobial substance so that it has an 
external surface 11 which has antimicrobial proper- 
ties. The antimicrobial substance is blended with 
polymer pellets, in a proportion of about 3-10% by 
weight substance to polymer, prior to extrusion of t he 

30 catheter so that the wall of the catheter is antimicro- 
bial throughout its thickness and has antimicrobial 
properties on both its internal and external surfaces. 
Alternatively, the external antimicrobial surface may 
be formed by coating or otherwise forming an antimi- 

35 crobial layer on the external surface only. 

The antimicrobial substance may be silver sulfa- 
diazine or chlorhexidine. Alternatively, a silver ion 
with a binder such asalumino-silicate, hydroxyapatite 
or a polymer attachment substance such as polyur- 

40 ethane could be used. Combinations of these mate- 
rials, such as, silver sulfadizine and chlorhexidine 
could also be used. 

In operation, the coupling 40 of the connecting 
member 4 is secured to a coupling 41 on the end of 

45 a tracheal tube 42 and its side ports 45 and 46 are 
connected to a ventilator. The vacuum coupling mem- 
ber 3 is connected to the suction source 6 but, as long 
as the manual valve 32 remains unactuated, no suc- 
tion is applied to the catheter 1. 

so When aspiration of fluid from the trachea or bron- 
chi is required, the user grips the catheter 1 through 
the sleeve 2 and pushes it forwardly so that the distal, 
patient end of the catheter is advanced through the 
connecting member 4 and into the tracheal tube 42. 

55 When the catheter 1 has been inserted to the desired 
depth, the user depresses the valve 32 so that the 
catheter is connected to the suction source 6 and flu- 
id in the vicinity of the tip of the catheter is sucked into 
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the catheter and removed. During aspiration, ventila- 
tion of the patient occurs normally. When aspiration 
is complete, the catheter 1 is pulled back into the 
sleeve 2, the assembly remaining attached to the tra- 
cheal tube connector so that it can be reused when 5 
necessary. 

It has been found that the antimicrobial proper- 
ties of the external surface 11 remain effective for a 
prolonged period despite being repeatedly displaced 
backwards and forwards through the sliding seal 50. 10 
The antimicrobial surface 11 minimizes the growth of 
bacteria on the catheter and enables the assembly to 
be used for periods of up to about 48 hours depending 
on how frequently the assembly is used. This is con- 
siderably longer than an equivalent assembly without 15 
any antimicrobial treatment which might typically be 
used for about 24 hours. 

Alternative assemblies may include an antimicro- 
bial substance on another component of the assem- 
bly that is effective to reduce transfer of bacteria from 20 
thecathetertothe patient. For example, an antimicro- 
bial substance on the inside of the sleeve 2 may help 
reduce microbial accumulation on the external sur- 
face of the catheter because of contact of the sleeve 
with the catheter during handling. Alternatively, an 25 
antimicrobial substance in the sliding seal 50 might 
help reduce transfer of bacteria from the catheter to 
the patient as the catheter is pushed through the 
seal. 


Claims 

1. A tracheal suction catheter assembly for use in 
removing undesirable fluid from the respiration 35 
passages of a patient, the catheter assembly in- 
cluding an aspirating catheter (1) having a proxi- 
mal end and a distal end suitable for insertion into 
a patient, a vacuum coupling (3) located in the vi- 
cinity of the proximal end of the aspirating cath- 40 
eter (1), a patient coupling (4) mounted to sur- 
round the aspirating catheter in the vicinity of the 
distal end of the aspirating catheter, and a flex- 
ible protective sleeve (2) extending along the as- 
pirating catheter (1) where it extends between 45 
the patient coupling (4) and the vacuum coupling 
(3), and the patient coupling having a sliding seal 
(50) with the external surface (11) of the aspirat- 
ing catheter such that the catheter is wiped by 
the seal as it is advanced and withdrawn period- 50 
ically through the sliding seal into the protective 
envelope (2), characterised in that the aspirating 
catheter (1) has at least an external surface (11) 
with antimicrobial properties that minimize the 
accumulation of bacteria on the external surface 55 
of the catheter (1). 


undesirable fluid from a patient, the catheter as- 
sembly including an aspirating catheter (1) hav- 
ing a proximal end and a distal end suitable for in- 
sertion into a patient, a vacuum coupling (3) locat- 
ed in the vicinity of the proximal end of the aspir- 
ating catheter(1), a patient coupling (3) mounted 
to surround the aspirating catheter (1) in the vi- 
cinity of the distal end of the aspirating catheter, 
the patient coupling (4) having a sliding seal (50) 
with the external surface (11) of the aspirating 
catheter, and a protective sleeve (2) extending 
along the aspirating catheter where it extends be- 
tween the patient coupling (4) and the vacuum 
coupling (3), characterised in that the assembly 
has an antimicrobial substance on a component 
(1) of the assembly that is effective to reduce 
transfer of bacteria from the external surface (11) 
of the catheter (1) to the patient. 

3. A suction catheter assembly according to Claim 
1 or 2, characterised in that the antimicrobial sur- 
face is provided by an antimicrobial substance in- 
corporated within the wall of the catheter (1). 

4. A suction catheter assembly according to Claim 
1 or 2, characterised in that the antimicrobial sur- 
face is provided by a coating on the external sur- 
face (11) of the catheter (1). 

5. Asuction catheterassemblyaccordingtoanyone 
of Claims 1 to 4, characterised in that the antimi- 
crobial surface is provided by a substance includ- 
ing a silver compound. 

6. A suction catheter assembly according to Claim 
5, characterised in that the antimicrobial sub- 
stance includes silver sulfadiazine. 

7. A suction catheter assembly according to Claim 
5 or 6, characterised in that the antimicrobial sub- 
stance includes a silver compound with a binder. 

8. A suction catheter assembly according to Claim 
7, characterised in that the binder is selected 
from the group comprising alumino-silicate and 
hydroxyapatite. 

9. A suction catheter assembly according to Claim 
5 or 6, characterised in that the antimicrobial sub- 
stance includes a silver compound with a polymer 
attachment substance. 

1 0. A suction cat heter assembly accord ing to any one 
of the preceding claims, characterised in that the 
antimicrobial substance includes chlorhexidene. 


2. A suction catheter assembly for use in removing 
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(54) Catheter with valve mechanism 

(57) A catheter (10) having a closed distal end and 
one or more valve mechanisms in the form of slits (22) 
adjacent the distal end which communicate the lumen 
(24) extending through the catheter with the exterior of 
the catheter to permit the infusion or aspiration of fluids 


3r and the vessel in which the cath- 
eter is positioned. The or each valve mechanism (22) is 
preferably in a plane which Is oriented at an angle to the 
longitudinal axis of the catheter (10), and is preferably 
in an area of reduced wall thickness to facilitate opening 
and closing 


CM 
< 

CO 
CO 
CO 

CD 
CO 

o 

Q. 

LU 



Fig. 1 


1 EP 0 864 336 A2 


Description 

This invention relates to catheters incorporating a 
valve mechanism to permit the ingress and egress of 
fluids therethrough into and out of the body of a patient. 

The use of catheters in intravenous procedures and 
for intravenous therapies is well known in the medical 
community. Catheters typically are implanted into vari- 
ous vessels in the patient's body to provide for the in- 
gress and/or egress of fluids, such as blood and other 
bodily fluids, and as well for the infusion of medication 
or other medical solutions for both specific treatment of 
the patient and to facilitate other treatments and diag- 
noses. The use of catheters may be for short term pro- 
cedures, but they are also commonly used in long term 
procedures wherein the catheter is implanted in the 
body and left in place for an extended period of time to 
facilitate long term treatment of the patient. 

Catheters typically take the form of an elongated 
tube constructed of a biocompatible surgical grade ma- 
terial which is flexible to permit guiding or steering of the 
catheterthrough blood vessels or anatomical passages. 
Initially, catheters generally included an open ended 
tube which was positioned during the surgical proce- 
dure, and was capped at its proximal end (i.e. the end 
positioned outside the body) to provide a port for the 
infusion or withdrawal of fluids. The distal end of the 
catheter remained open inside the vessel within the pa- 
tient's body, and allowed for ready withdrawal or infusion 
of fluids through the catheter. These catheters were typ- 
ically used in short term procedures, such as surgical 
procedures in which the catheter would be removed af- 
ter completion of the surgical procedure. Leaving a cath- 
eter of the open-ended type in the vessel of the patient 
subjected the catheter to a number of potential prob- 
lems, including the formation of blood clots which would 
obstruct the end of the catheter. Open-ended catheters 
are thus flushed regularly, typically with a saline and/or 
anticoagulant solution, to keep the distal end of the cath- 
eter open. 

Catheters intended to remain in the body for a long- 
er term have been developed and generally include a 
closed distal end and a valve adjacent the distal end to 
permit the infusion or withdrawal of fluids. Typically, 
these valves operate by reacting to the pressure differ- 
ential within the tube as compared to the vessel (or other 
anatomical location) in which the catheter is placed. 
Generally, increasing the pressure within the catheter 
provides for infusion of fluids through the valve and into 
the vessel, while a pressure decrease in the catheter 
provides for withdrawal of the fluids from the site in 
which the catheter is placed. 

A challenge associated with closed end catheters 
having valves adjacent their distal end is the perform- 
ance of the valve based on a pressure differential. Al- 
though efforts have been made to optimize the perform- 
ance of such valved catheters, e.g. by chemical weak- 
ening the area of the catheter tube adjacent to the valve 


2 

or other localized treatment as disclosed in US patent 
Nos. 4,549,879, 4,701 , 1 66, 4,995,863 and 5, 1 47,332 a 
need remains to further optimize the fabrication and/or 
performance of existing valved catheters. 

5 According to the invention, there is provided a cath- 
eter comprising an elongated member with a lumen ex- 
tending therethrough characterised in that the elongat- 
ed member has a portion of reduced diameter extending 
along a portion of its length with at least one valve mech- 

10 anism therein, wherein the valve mechanism is oriented 
at an angle to the longitudinal axis of the elongated 
member and opens in response to positive or negative 
pressure to allow the egress and ingress of fluid through 
the lumen. 

'5 Preferably, the or each valve mechanism is a slit 
valve. 

The preferred catheter comprises an elongate flex- 
ible tube which is fabricated from a surgical grade ma- 
terial and has an open and closed end. The catheter 

20 tube has a wall which is defined by an inner and outer 
surface of the tube, where the inner surface of the tube 
is defined by a lumen which extends the length of the 
tube. In one preferred embodiment, when viewed in 
cross-section at two different longitudinal points, at least 

25 a portion of the tube at the more distal point has a re- 
duced thickness with respect to the tube when viewed 
at a more proximal point, and at least one valve mech- 
anism is positioned solely or entirely in this portion of 
reduced thickness to place the lumen in communication 

30 with the exterior of the tube. 

The reduced thickness portion of the catheter tube, 
in a further embodiment, is the result of the lumen of the 
catheter tube being offset and parallel to the longitudinal 
axis of the tube, and in another embodiment is the result 

35 of the lumen having an oval cross-section such that the 
major axis of the oval defines the portions of reduced 
thickness in the wall of the tube. In each of these cases, 
the valve mechanism is provided in the portion or por- 
tions of reduced thickness, and does not extend into the 

40 areas of increased thickness so that the operation of the 
valve is consistent along its length. 

In an alternate embodiment of the present catheter, 
the valve mechanism comprises at least one pair of slits 
which are parallel to each other but still positioned at an 

45 angle to the longitudinal axis of the catheter tube. Pref- 
erably, the slits, when formed through the tube, are cut 
at different angles relative to the catheter tube wall sur- 
face to facilitate the infusion or withdrawal of fluids. 
In each of the embodiments, it is preferred that the 

so valves positioned at an angle to the longitudinal axis of 
the catheter are located in the area of reduced thickness 
to increase the size of the opening for the ingress and 
egress of fluids. 

Other features of the catheter of the present inven- 
ts ijon will become apparent from the detailed description 
hereafter of preferred embodiments given by way of ex- 
ample only with reference to the accompanying draw- 
ings, in which: 


2 


3 

Figure 1 is a perspective view of a catheter accord- 
ing to a first embodiment of the invention; 
Figure 2 is atop plan view of the catheter of Figure 

1; 

Figure 3 is a side elevation view of the catheter of 
Figure 1; 

Figure 4 is a side cross-section view of the catheter 
of Figure 1 taken along lines 4-4 of Figure 2; 
Figure 5 is a perspective view of a catheter accord- 
ing to a second embodiment; 
Figure 6 is a side elevation of the catheter of Figure 
5; 

Figure 7 is a side cross-sectional view of the cath- 
eter of Figure 5 taken along lines 7-7 of Figure 6; 
Figure 8 is a front elevation view of the catheter of 
Figure 5; 

Figure 9 is a perspective view of a catheter accord- 
ing to a third embodiment; 
Figure 1 0 is a top plan view of the catheter of Figure 

9; 

Figure 11 is a cross-sectional view of the catheter 
of Figure 9 taken along lines 11-11 of Figure 10 
showing a circular lumen; 

Figure 1 2 is a cross-sectional view similar to Figure 
11 showing an oval lumen; 
Figure 1 3 is a perspective view of a catheter accord- 
ing to a fourth embodiment; 
Figure 1 4 is a side elevation view of the catheter of 
Figure 13; 

Figure 15 is a cross-sectional view of a catheter 
similar to Figure 1 3 except that the two slits of each 
valve lie in planes which intersect; 
Figure 16 is a perspective view of a catheter accord- 
ing to a fifth embodiment; 

Figure 1 7 is a side cross-sectional view of the cath- 
eter of Figure 16 taken along lines 17-17 of Figure 

16; 

Figure 18 is a cross-sectional view of the catheter 
of Figure 16 taken along lines 18-18 of Figure 16; 
Figure 1 9 is a perspective view of a catheter accord- 
ing to a sixth embodiment; 
Figure 20 is a side cross-sectional view of the cath- 
eter of Figure 19 taken along lines 20-20 of Figure 
19; and 

Figure 21 is a cross-sectional view of the catheter 
of Figure 19 taken along lines 21-21 of Figure 19. 

Referring now to the drawings, in which like refer- 
ence numerals represent similar or identical elements 
throughout the several views, there is illustrated in Fig- 
ure 1 a catheter 10 having a valve mechanism 22 posi- 
tioned in an area of reduced thickness relative to prox- 
imal portions of catheter 10 which, in combination with 
its orientation to be explained hereafter, facilitates the 
operation of the valve mechanism to open and close for 
infusing or withdrawing fluids. Catheter 10 preferably is 
constructed of a flexible, biocompatible surgical grade 
material and terminates in closed distal end 12, which 


4 

may take the form of an end cap 13, as seen in Figures 
2-4 or may be molded as part of the catheter body 1 6. 

Body 16 has a first diameter which corresponds to 
a first thickness 28, as seen in Figure 4, of the wall of 

5 the catheter 10. A transition region 20 is provided which 
leads to a region 14, which is preferably substantially 
planar and which has a second region 26 of a reduced 
thickness which is less than that of the first thickness 
28, as best seen in Figure 4. The reduced thickness pro- 

10 vides added flexibility to slit valves 22,23 provided there- 
in thereby facilitating opening and closing of the valves. 

Slit valves 22,23 open in response to increased or 
decreased pressure within lumen 24 to permit the infu- 
sion and egress of fluids into or from the catheter 10 and 

15 into the vessel in which the catheter is positioned. In the 
embodiment shown in Figures 3 and 4, the pair of slit 
valves 22,23 are cut or otherwise configured in such a 
manner so as to provide for infusion through one valve, 
i.e. valve 22, and egress through a second valve, i.e. 

20 valve 23. In other words, in this embodiment, valve 22 
opens in response to increased pressure in lumen 24 
and valve 23 opens in response to decreased pressure 
in lumen 24. Planar region 14 facilitates the opening and 
closing of the valves due to the reduced thickness 26 of 

2S the catheter wall, and it can be seen that, in this embod- 
iment, the valves are positioned exclusively within the 
area of reduced thickness 26. In an alternate embodi- 
ment the slit valves 22,23 are identical and the ingress 
and egress of fluids is through both valves. 

so Preferably, planar region 1 4 is formed in the cathe- 
ter wall on diametrically opposite sides thereof. As can 
be seen in Figure 4, however, the reduction in wall thick- 
ness does not affect the diameter of lumen 24, which is 
maintained substantially constant throughout the length 

35 of catheter 1 0. As shown in Figure 2, the outer diameter 
of the catheter 10 remains constant along sides 21 . Al- 
ternately, the thickness 28 of the catheter wall can be 
reduced circumferentially about the end of catheter 10 
distally of the transition region 20, with the wall thickness 

40 being constant at this distal end of catheter 10 and the 
diameter of the lumen remaining constant throughout 
the catheter length. 

Figures 1 and 2 show the valve 22 oriented at an 
angle to the longitudinal axis of catheter 10. Thus, valve 

45 22 lies in a plane oriented at an angle to the longitudinal 
axis. Positioning the valve 22 at an angle within the re- 
duced wall thickness results in a larger opening for the 
ingress and egress of fluids. When suction is applied, 
the reduced thickness wall will want to collapse so it will 

so twist. Thus the slit opens into an eye-shaped opening 
as shown for example in Figure 1 8A. A preferred angular 
orientation of valve 22 relative to the longitudinal axis is 
30 degrees, although differing angles, and particular 
greater angles, will provide the desired advantage. 

ss Figures 5-8 illustrate a second embodiment of cath- 
eter30, in which the reduced wall thickness 34 is located 
at the distal end of the catheter 30. Valve mechanism 
36 is provided in the tapered closed distal end 34 and 
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permits the infusion or egress of fluids in response to an 
increased or decreased pressure, respectively, in the lu- 
men of the catheter. Opening 38 permits the ingress or 
egress of fluids through the distal end 34. 

In order to facilitate manufacture of the catheter 30, 
the valve 36 may be provided on a tip 30a of the catheter 
as shown in Figures 6-B. Tip 30a includes a catheter 
entrance 40 which accommodates the distal end of an 
open ended catheter which slips into tip 30a at entrance 
40 and abuts against catheter abutment 42. Lumen 52 
of tip 30a communicates with the lumen of the catheter 
(see Figure 7). Catheter tip 30a includes a wall 44 hav- 
ing a first thickness and a reduced wall thickness 46 at 
valve mechanism 36 whereby the valve mechanism is 
positioned exclusively within the area of reduced thick- 
ness 46 and in a plane which is at an angle to the lon- 
gitudinal axis of the catheter, in this case perpendicular. 
In this Figure 7 embodiment, valve mechanism 36 fur- 
ther includes a hinge portion 48 which facilitates open- 
ing and closing of the valve 36, and a seal 50 which seals 
the opening 38 at the distal end of the catheter tip. Valve 
mechanism 36 will flex outwardly to permit the infusion 
of fluids from the catheter into the vessel in which the 
catheter is positioned in response to increased pressure 
within the lumen 52, and inwardly to permit the with- 
drawal of fluids from the vessel and into the lumen 52. 

Turning now to Figure 9, there is illustrated another 
embodiment of catheter 60 in which a pair of valve 
mechanisms 64, preferably slits, are provided in the 
body 62 of the catheter 60, adjacent the closed distal 
end 66. Each valve mechanism 64 is positioned at an 
angle to the longitudinal axis of the catheter 60, and pref- 
erably at a 30° angle. Optionally, valve mechanisms 64 
may be provided at angles which are opposite to each 
other. Preferably, each such valve mechanism is posi- 
tioned at an angle of approximately 30° to the longitudi- 
nal axis. Thus, in an embodiment wherein the two valve 
mechanisms are oriented opposite each other, the an- 
gles would be plus and minus 30 degrees relative to the 
longitudinal axis, respectively. 

As seen in Figures 10-12, valve mechanism 64 is 
positioned exclusively or wholly within reduced thick- 
ness wall portion 76 of the catheter wall 74, and is po- 
sitioned at an angle to the longitudinal axis 70. The re- 
duced wall thickness 76 is a result, as seen in Figure 
1 1 , of extruding the catheter tubing so as to have a lu- 
men 68 which is offset from the longitudinal axis 70 of 
the catheter 60. In the embodiment shown in Figure 11 , 
lumen 68 has a longitudinal axis 72 which is offset from 
the longitudinal axis 70 of the catheter 60. Wall 74 has 
a greater thickness than wall portion 76, and the valve 
mechanism 64 is positioned exclusively within the re- 
duced thickness wall portion 76. 

Figure 12 illustrates a further manner of extruding 
the catheter 60 in order to provide for the positioning of 
valve mechanisms 64 in the reduced thickness wall por- 
tion 76. In this embodiment, the lumen 68 has an oval 
cross-section, such that its longitudinal axis is aligned 
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with longitudinal axis 70 of the catheter 60. The reduced 
thickness wall portions 76 are located at the ends of the 
major axis 78 of the oval shaped lumen 68, and the valve 
mechan isms 64 are provided at the end of the major axis 
5 78. 

Figures 13-15 illustrate further embodiments of 
catheter 80, in which the valve mechanisms 82,83 pref- 
erably comprise a pair of slits 84,84 and 86,86. In the 
embodiment of Figures 1 3 and 1 4, the slits of each pair 

to are placed side by side and the planes of the slits of 
each pair are substantially parallel. Ingress and egress 
of fluids occur through both valve mechanisms 82,83. 

The embodiment of Figure 15 is similar to that of 
Figures 1 3 and 1 4 in that each valve mechanism 82'83' 

75 preferably has a pair of slits 84', 84', 86', 86', however, the 
planes of the slits of each pair intersect. In this embod- 
iment, as best seen in Figure 15, the slits 84' are posi- 
tioned side by side, spaced equidistantly along their 
lengths, and are cut at an angle from the outer surface 

20 88' through wall 90' to inner surface 92' such that one 
of the slits 84' is cut in the direction towards the other 
slit 84'. Slits 84' intersect interiorly within the catheter 80 
within lumen 94. When cut in this manner, valve 82' 
opens outwardly in response to increased pressure in 

25 the lumen 94 to permit the infusion of fluids from the 
lumen 94 of the catheter into the vessel in which the 
catheter is positioned. 

As further seen in Figure 1 5, slits 86' of valve mech- 
anism 83' are cut at an angle from the outer surface 88' 

30 to the inner surface 92' through wall 90' away from each 
other, are positioned side by side, and spaced equidis- 
tantly along their lengths. As can be seen from Figure 
15, slits 86' will intersect exteriorly to the catheter 80. 
Thus, the valve mechanism opens inwardly in response 

35 to decreased pressure in the lumen 94 of the catheter 
80 to permit the withdrawal or aspiration of fluids from 
the vessel into the catheter. 

In addition, it can be seen in Figure 15 that in- 
creased pressure in lumen 94 will force valve 83' out- 

40 wardly against wall 90', further sealing valve 83' to facil- 
itate infusion through valve 82'. Likewise, decreased 
pressure in lumen 94 forces valve 82' inwardly against 
wall 90, further sealing valve mechanism 82' to facilitate 
aspiration through valve mechanism 83'. 

45 Figures 16-18 illustrate another alternate embodi- 
ment in which a separate valve assembly 100 is mount- 
ed e.g. by insert molding, on the tip of catheter 101 to 
form the catheter for insertion into the body. Valve as- 
sembly 100 includes a reduced thickness area 102 

50 around its entire circumference. Nose 1 04 is configured 
for easier penetration, is glued to the valve assembly, 
and seals the distal end of the catheter and assembly 
100. As shown, the reduced thickness area 102 is 
formed by reducing the thickness of wall 105, thereby 

ss maintaining the diameter of lumen 106 constant so as 
not to effect flow. Note that walls 1 20a-1 20d are slightly 
radiused with portions 107a-d of increased wall thick- 
ness to increase stability. The transition areas 108,109 
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preferably slope at an angle of about 8 to about 12 de- 
grees to maintain stability of the catheter. A pair of dia- 
metrically valve mechanisms, preferably a pair of op- 
posed slits 110,112 are angled with respect to the lon- 
gitudinal axis (illustratively at an angle of about 24 de- 
grees) and function as described above with respect to 
the embodiment of Figure 1 Thus, slit valve mecha- 
nisms 110,112 open into eye-shaped openings as 
shown in Figure 18A. 

Length L between nose 1 04 and transition area 1 08 
is selected to optimize valve performance and in a 9 
French catheter preferably ranges from about 0.1 to 
about 0.2 inches and more preferably about 0.144 inch- 
Valve assembly 240 illustrated in Figures 19-21 is 
identical to the valve assembly 1 00 of Figures 16-18 ex- 
cept that the reduced thickness area 202 is circular in 
cross section. Asshown, area 202 is formed byreducing 
the thickness of wall 205 without effecting the internal 
diameter of lumen 206. Nose 204 is affixed in the same 
manner as nose 104. Valve mechanisms 210,212, 
shown as slits, are illustratively angled at about 24 de- 
grees. As with the aforementioned embodiments, other 
angles are contemplated. 

As noted above, the combination of an angled slit 
disposed on a region of reduced thickness results in a 
larger opening. Figure 1 8A illustrates by way of example 
the resulting eye shaped opening O which can be 
achieved. 


Claims 

1. A catheter having a lumen (24) extending there- 
through characterised in that the catheter has a 
portion (14) of reduced diameter extending along a 
portion of its length with at least one valve mecha- 
nism (22) therein, oriented at an angle to the longi- 
tudinal axis of the catheter which opens in response 
to positive or negative pressure to allow the egress 
and ingress of fluid through the lumen (24). 


5. A catheter according to any of claims 1 -3 charac- 
terised in that the lumen (70) has an oval cross-sec- 
tion, the longitudinal axis of the lumen being aligned 
with the longitudinal axis of the catheter, such that 

5 the major axis of the oval defines portions (76) of 
reduced thickness in the wall of the catheter. 

6. A catheter according to any one of the preceding 
claims characterised in that the valve mechanism 

10 (22) is oriented at an angle of approximately 30° to 
the longitudinal axis of the catheters. 

7. A catheter according to any one of the preceding 
claims further characterised by a second valve 

15 mechanism (23) which is oriented at an angle of ap- 
proximately 1 50° to the longitudinal axis of the cath- 
eter. 

8. A catheter according to claim 5 further character- 
20 ised by a second valve mechanism (64), the first 

valve mechanism (64) being positioned at one end 
of the major axis of the oval cross-section and the 
second valve mechanism (64) being positioned at 
a second end of the major axis. 

25 

9. A catheter according to claim 8 characterised in that 
the first valve mechanism is oriented at an angle of 
approximately 30° to the longitudinal axis of the 
catheter and the second valve mechanism is orient- 

30 ed in a plane which is at an angle of approximately 
150° to the longitudinal axis of the catheter. 

10. A catheter according to claim 7 characterised in that 
the first valve mechanism (64) is diametrically op- 

35 posite the second valve mechanism. 

11. A catheter as claimed in any one of the preceding 
claims characterised in that the first and/or second 
valve mechanisms are slit valves. 

40 


2. A catheter according to claim 1 characterised in that 
the reduced diameter portion (14) is circular in 
cross-section. 45 


3. A catheter according to claim 1 or claim 2 charac- 
terised by an end cap (13) positioned on the distal 
end of the catheter to seal the distal end of the lu- 
men (24). so 

4. A catheter according to any one of the preceding 
claims characterised in that the lumen (70) is tubu- 
lar and has a circular cross-section, the longitudinal 
axis of the lumen being offset and parallel to the Ion- 55 
gitudinal axis of the catheter to define a portion (76) 

of reduced thickness in the wall (74) of the catheter. 


5 
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(54) Design and method to fabricate PTCA balloon 

(57) A radiopaque marker for the body portion of a 
medical catheter, and the methods for manufacturing 
such a marker, require the blending of a metal with a 
polymer matrix. For the blend, the metal is preferably 
greater than approximately seventy percent by weight. 
This blend is then made into a band having a thickness 
that is less than about two thousandths of an inch. To 
assemble the catheter, the radiopaque band is posi- 
tioned against the catheter body and the band is then 
thermally bonded to the catheter body. For a balloon 
catheter, the catheter body will be tubular and the radio- 
paque marker band can be formed as a ring that will 
surround the catheter body, circumscribe the lumen 
inside the catheter body, or be incorporated as part of 
the catheter body. The position of the marker band can 
be established as desired and then thermally bonded 
onto the catheter body to identify the location of the bal- 
loon on the catheter body. 
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Description 

[0001] The present invention pertains generally to 
medical catheters. More particularly, the present inven- 
tion pertains to the manufacture and use of radiopaque 
marker bands which can be positioned on a medical 
catheter to identify the location of the catheter during 
surgical procedures using fluoroscopic techniques. The 
present invention is particularly, but not exclusively, use- 
ful as a polymer based radiopaque marker which is flex- 
ible, and which has a low profile that will facilitate the 
insertion of the catheter into a body cavity. 
[0002] A well known technique for precisely controlling 
the location of a catheter as it is being positioned in a 
vessel of the cardio-vascular system of a patient during 
angioplasty surgery is to monitor the catheter insertion 
using radiographic equipment. Such a procedure, how- 
ever, requires that certain components of the catheter 
be somehow identified with radiopaque markers. Typi- 
cally, the radiopaque markers which have been used for 
this purpose are made entirely of metal. For example, 
U.S. Patent 4,793,359 which issued to Sharrow for an 
invention entitled "Centering Balloon Structure For 
Transluminal Angioplasty Catheter" discloses radio- 
paque markers made of platinum or gold. Alternatively, 
U.S. Patent 5,034,005 which issued to Appling for an 
invention entitled "Radiopaque Marker" discloses radio- 
paque markers made of a surgical grade stainless steel. 
Although effective for the intended purpose, metal 
markers have their shortcomings. 
[0003] Metal markers, of course, are not flexible. Flex- 
ibility, however, is a very desirable quality for an angi- 
oplasty catheter as it is necessary for improved tracking 
of the catheter through the coronary tree of a patient. 
Further, metal markers typically have rough edges and 
burrs which can present problems if not smoothed. For 
example, it is known that burrs on metal radiopaque 
markers are capable of causing pinholes in the balloon 
of an angioplasty catheter. If detected early enough, the 
catheter is simply not used. Unfortunately, it sometimes 
happens that the adverse effects caused by burrs can 
go unnoticed until after the catheter has been placed in 
use. This presents many complications which can 
sometimes have serious consequences. Simply stated, 
such consequences should be avoided if at all possible. 
[0004] In addition to the shortcomings noted above, 
metal markers can sometimes present a restrictive pro- 
file. Generally, it is true that the wall thickness of a metal 
marker is added directly to the outside diameter of the 
catheter as it is being advanced through a vessel. One 
way to mitigate this increase in profile is to embed the 
metal markers in the catheter shaft, as disclosed in U.S. 
Patent Application 08/977,733, filed by Fugoso and 
Rowean for an invention entitled "Imbedded Marker And 
Flexible Guide Wire Shaft" which is assigned to the 
same assignee as the present invention. Another 
method disclosed in U.S. Patent Application 09/046,241 
filed by Rafiee and Squadrito for an invention entitled 


"Catheter Having Extruded Radiopaque Stripes 
Embedded In Soft Tip And Method Of Fabrication" 
which is assigned to the same assignee as the present 
invention is to co-extrude a "radiostripe" made of a mix 

5 of molten polymer and a radiopaque powder during 
extrusion of the distal tip. Finally, in addition to flexibility 
and profile concerns, it is well known that when a com- 
pletely metallic marker is to be used, it is necessary to 
bond or attach the marker to the angioplasty catheter 

10 using an adhesive. In general, the tasks that are 
required to attach a metal marker to a catheter are labor 
intensive and costly. 

[0005] In light of the above, it is an object of the 
present invention to provide a marker for a medical 

is device which has improved flexibility for tracking through 
the vessels of a patient's cardio-vascular system. 
Another object of the present invention is to provide a 
marker having a wall thickness of only about 0.025 mm 
(one thousandth of an inch) in order to present a 

20 reduced profile for an angioplasty catheter and thereby 
improve the catheter's ability to traverse small vessels, 
and lesions or stents in the vessel. Still another object of 
the present invention is to provide a marker for a medi- 
cal device which does not present burrs or rough edges 

25 which require additional smoothing. Yet another object 
of the present invention is to provide a marker for a 
medical device which does not require the use of adhe- 
sives when affixing the marker to the device. Another 
object of the present invention is to provide methods for 

30 manufacturing an angioplasty balloon with radiopaque 
markers which are simple and easy to accomplish. Still 
another object of the present invention is to provide a 
marker for a medical device which is relatively cost 
effective. 

35 [0006] A radiopaque marker for a medical device, 
such as a balloon angioplasty catheter, includes a poly- 
mer matrix material which is blended with a metal. For 
the present invention the polymer matrix material is 
preferably a polyether block amide co-polymer, and the 

40 metal is preferably selected from the group which 
includes tungsten, silver, gold, platinum and their alloys. 
Further, the blend should include the metal at about 
seventy percent, or more, by weight. An effective blend 
for the present invention has been a mixture of ninety 

45 percent tungsten, by weight, and a polymer which is 
commercially available under the trade name of 
Pebax®. 

[0007] In accordance with the methods of the present 
invention, the matrix material and metal blend is first 

so formed as a band. In particular, for its use with a balloon 
angioplasty catheter, the radiopaque band is formed as 
a ring which is dimensioned to fit around a tubular 
shaped catheter body, circumscribe the lumen inside 
the catheter body, or be incorporated as part of the 

55 catheter body. Importantly, for the present invention, the 
marker band and the catheter body are made of the 
same polymer material, or of compatible polymer mate- 
rials. In this sense, compatibility means that the materi- 


2 


3 

als should melt into each other. Regardless of which 
specific materials are used, once the band has been 
positioned as desired, it is thermally bonded to portions 
of the tubular catheter body using r.f. energy. To do this, 
an active RF mandrel is inserted through the lumen of 5 
the tubular shaped catheter body and an RF coil is posi- 
tioned so that the catheter body and the marker band 
are located between the mandrel and the coil. A current 
is then applied to the coil to generate the RF energy that 
is needed to melt both the marker band and the catheter 10 
body. The result is an integral thermal bond between the 
marker band and the catheter body. 
[0008] As intended for the present invention, a single 
marker band can be used, or a plurality of marker bands 
can be used and positioned anywhere on the tubular 15 
catheter body to landmark specific locations or compo- 
nents. Possible marker band positions include, the 
extreme distal tip of the catheter, the center of the bal- 
loon, brackets for stents, and guidewire entry or exit 
ports. Further, the radiopaque bands used for the mark- 20 
ers need not be formed as rings. Instead, they can be 
formed as strips and affixed to the catheter body for sim- 
ilar purposes. 

[0009] The novel features of this invention, as well as 
the invention itself, both as to its structure and its oper- 25 
ation, will be best understood from the accompanying 
drawings, given by way of example only, and taken in 
conjunction with the accompanying description, in 
which similar reference characters refer to similar parts, 
and in which: 30 

Fig. 1 is a perspective view of the balloon catheter 
of the present invention with the component sub- 
assemblies interconnected with each other; 
Fig. 2 is an exploded perspective view of the cathe- 35 
ter of the present invention showing the intercon- 
nective relationships between the component 
subassemblies; 

Fig. 3A is a cross sectional view of the balloon sub- 
assembly of the present invention as seen along 40 
the line 3-3 in Fig. 1; 

Fig. 3B is a side elevational view of the guidewire 
marker tube illustrating an alternative method for its 
assembly; 

Fig. 4 is a side elevational view of the distal portion 45 
of the balloon positioned over the distal end of the 
guidewire-marker tube with portions broken away 
and shown in phantom for clarity; 
Fig. 5 is an elevation cross sectional view of the bal- 
loon and guidewire-marker tube as shown in Fig. 4 50 
and positioned in a heating die for thermally bond- 
ing the balloon to the distal end of the guidewire- 
marker tube; 

Fig. 6 is a side elevational view of the distal tip of 
the catheter which results from the bonding process 55 
depicted in Fig. 5; 

Fig. 7 is a perspective view of the coupling tube in a 
position to be joined with the proximal portion of the 
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balloon and the distal end of dual lumen tube; 
Fig. 8 is a cross sectional view of the coupling tube 
after it has been joined with the proximal portion of 
the balloon and the distal end of the dual lumen 
tube as would be seen along the line 8-8 in Fig. 7; 
Fig. 9 is a cross sectional view of the coupling tube 
and guidewire marker tube as would be seen along 
the line 9-9 in Fig. 8 after the coupling tube has 
been joined with the distal end of the dual lumen 
tube; 

Fig. 1 0 is a perspective view of the proximal portion 
of the balloon positioned for interconnection with 
both the proximal end of the guidewire-marker tube, 
and with the distal end of the dual lumen tube; 
Fig. 1 1 is a cross sectional view of the components 
shown in Fig. 10 when positioned for integral bond- 
ing with each other in accordance with an alterna- 
tive embodiment of the catheter of the present 
invention; 

Fig. 12 is a cross sectional view of the catheter por- 
tion between the balloon assembly and the mid- 
section which results from the bonding process 
depicted in Fig. 1 1 ; 

Fig. 13 is a cross sectional view of the dual lumen 
tube of the present invention as would be seen 
along the line 13-13 in Fig. 12; 
Fig. 14 is a cross sectional view of the transition 
"necked-down" region between the dual lumen tube 
and the balloon assembly as would be seen along 
the line 14-14 in Fig. 12; 

Fig. 15A is a perspective view of the distal end of 
the hypotube positioned for insertion into the proxi- 
mal end of the mid-tube for interconnection there- 
with, and the distal end of the mid-tube for 
interconnection with the proximal end of the dual 
lumen tube; 

Fig. 15B is a cross sectional view of the hypotube 
as seen along the line 15-15 in Fig. 15A; 
Fig. 16 is a cross sectional view of the distal end of 
the hypotube inserted for bonding with the mid-tube 
as would be seen along the line 16-16 in Fig. 15A; 
Fig. 1 7 is a cross sectional view of the interconnec- 
tion between the hypotube, mid-tube, and the dual 
lumen tube which results from the bonding process 
depicted in Fig. 16; 

Fig. 18 is a perspective view of the catheter of the 
present invention shown in operative association 
with a guidewire and an inflator; 
Fig. 19 is a schematic of the components used in 
the method of laminating a hypotube subassembly 
for use within the medical catheter of the present 
invention; and 

Fig. 20 is a cross sectional view of the die of the 
extruder depicted as would be seen along the line 
20-20 in Fig. 19. 

[0010] Referring initially to Fig. 1, a percutaneous 
transluminal coronary angioplasty (PTCA) catheter 
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which has been manufactured in accordance with the 
methods of the present invention is shown and gener- 
ally designated 20. In overview, the catheter 20 includes 
three separate and distinct subassemblies. In Fig. 1, 
these subassemblies are shown in their proximal-to-dis- 
tal order as: a hypotube subassembly 22, a mid-section 
subassembly 24, and a balloon subassembly 26. As 
intended for the present invention, and disclosed herein, 
each of the subassemblies 22, 24 and 26, can be indi- 
vidually fabricated in separate manufacturing opera- 
tions. The various subassemblies 22, 24 and 26 can 
then be subsequently joined together to create the cath- 
eter 20. 

[001 1 ] For the general dimensions that are presented 
in the final assembly of the catheter 20, it is to be appre- 
ciated that the overall length of the catheter 20 is prefer- 
ably in the range of about 1350 mm ± 30 mm. Of this 
overall length, the hypotube subassembly 22 will be 
approximately one thousand and twenty millimeters 
(1020 mm), the mid-section subassembly 24 will be 
approximately three hundred millimeters (300 mm), and 
the balloon subassembly 26 will be approximately thirty 
millimeters (30 mm). However, due to the flexibility 
which is afforded by the separate subassembly manu- 
facturing operations, the final product can include sub- 
assemblies 22, 24 and 26 which have been specially 
tailored and sized for the specific operational require- 
ments of the catheter 20. Further, as an additional 
advantage of this flexibility, when a defect is detected in 
a pre-assembled subassembly 22, 24 or 26, only the 
defective subassembly needs to be discarded. Such a 
defect does not thereby result in a loss of the entire 
catheter 20. 

[001 2] As shown in Fig. 1 , the hypotube subassembly 
22 includes a luer fitting 28 and a hypotube 30 which 
extends distally from the luer fitting 28. For purposes of 
the present invention, the luer fitting 28 can be of any 
type well known in the pertinent art. Further, it can be 
made of a material that is well known in the pertinent 
art, such as a medical grade plastic. The hypotube 30 
includes a hollow core tube which is preferably made of 
a stainless steel which is laminated with an external 
coating of a polymer. A suitable polymer for this purpose 
is a polyether block amide co-polymer, such as manu- 
factured by Elf Atochem Corporation, and commercially 
available under the trademark Pebax®. Specifically, a 
suitable material for use as the laminate on hypotube 30 
is Pebax® 7033. Further, the laminated polymer coating 
over the core tube is preferably colored blue for the pur- 
pose of visually contrasting the hypotube 30 from other 
components of the catheter 20. As also shown in Fig. 1 , 
the mid-section subassembly 24 includes a mid-tube 32 
which is joined to a dual lumen tube 34. In the mid-sec- 
tion subassembly 24, the mid-tube 32 is preferably 
made of a blue colored block co-polymer, such as 
Pebax® 7223. On the other hand, the dual lumen tube 
34 is preferably made of a material which consists of 
about ninety percent (90%) polymer, and ten percent 


(10%) graphite. In this combination, Pebax 7233 is a 
suitable material for the polymer. This combination of 
polymer and graphite as used for the dual lumen tube 
34 has two significant operational aspects. Firstly, the 

s combination makes the dual lumen tube 34 black in 
color. Thus, for operational purposes, it is easily distin- 
guished from other parts of the catheter 20 which are 
primarily blue in color. This then allows the operator to 
more easily identify the location of the guidewire port 

w 110 (see Fig. 18) which will be substantially located at 
the margin between the mid-tube 32 and the dual lumen 
tube 34. Secondly, the graphite in the combination gives 
the dual lumen tube 34 enhanced lubricity to facilitate 
insertion and passage of a guidewire 118 (see Fig. 18) 

15 through the dual lumen tube 34. 

[001 3] The balloon subassembly 26 is shown in Fig. 1 
to include a balloon 36 and a distal tip 38. Also, in phan- 
tom, it can be seen that the balloon subassembly 26 
includes a guidewire-marker tube 40 which is located 

20 inside the balloon 36 and extends longitudinally along 
the length of the balloon 36. For the present invention, 
the balloon 36 is preferably made of Pebax® 7033, 
while the guidewire-marker tube 40 is preferably made 
of a blue colored Pebax® 7233. For purposes of the 

25 present invention, the balloon 36 can be manufactured 
in accordance with the disclosure set forth in U.S. Appli- 
cation Serial No. 09/002,676 for an invention entitled 
"Method for Making a Medical Balloon Catheter" which 
was filed on January 5, 1998,and which is assigned to 

30 the same assignee as the present invention. As more 
fully set forth below, the distal tip 38 results from the 
mixed melting of the balloon 36 and the guidewire- 
marker tube 40. Thus, for the example provided above, 
the distal tip 38 includes both the Pebax 7033 and 

35 Pebax 7233 polymer material. 

[0014] It is to be noted at this point that the preferred 
polymer materials which have been selected for the fab- 
rication of the various subassemblies 22, 24 and 26 of 
the catheter 20 are compatible with each other. Specifi- 

40 cally, the selected polymer materials are compatible 
with each other in the sense that the Pebax® 7033, 
which is the preferred material used for the hypotube 30 
and the balloon 36, is capable of being thermally 
bonded with the Pebax 7233, which is the preferred 

45 material used for the mid-tube 32, the dual lumen tube 
34, the coupling tube 41 , and the guidewire-marker tube 
40. This is important because, as illustrated in Fig. 2, 
the hypotube 30 of the hypotube subassembly 22 is to 
be thermally bonded to the mid-tube 32 of the mid-sec- 

50 tjon subassembly 24. Also, the coupling tube 41 is to be 
thermally bonded to the dual lumen tube 34 of the mid- 
section subassembly 24 and to the balloon 36 of the 
balloon subassembly 26. Additionally, thermal or heat 
bonding between the various parts of the subassem- 

55 blies 22, 24 and 26 is also intended for the present 
invention. The skilled artisan, however, will appreciate 
that adhesives can be used as an alternative to thermal 
bonding, if appropriate. 
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[001 5] It is to be understood that materials other than 
the preferred polymer materials (i.e. Pebax®) disclosed 
herein can be used for the assembly and manufacture 
of the catheter 20. For example, a Nylon 12 material that 
is commercially available under the trademark "VESTA- 
MID" or a polyurethane may be suitable for the present 
invention. Indeed, the particular material to be used is a 
matter of design choice which is primarily dependent on 
the particular characteristics desired for the balloon. For 
purposes of comparison, it is to be noted that the com- 
peting characteristics for materials that are to be used 
for the manufacture of the catheter 20 involve a trade-off 
between stiffness, for column strength in the catheter 
body, and softness, for flexibility. On the one hand, the 
catheter should not be too stiff, because with increased 
stiffness there is also an increased susceptibility for the 
catheter to "kink." On the other hand, if the material is 
too soft, it will exhibit decreased "pushability." As a 
measure of the hardness of a material, durometer rat- 
ings are helpful. Larger or higher durometer readings 
indicate harder materials. For the materials suggested 
here the respective durometer ratings are: Nylon 1 2, 72- 
75 D; Pebax®, 65-72 D; and Polyurethane, 55-70 D. 
[001 6] It is important for the present invention that the 
particular polymer materials to be used will either be all 
the same polymer, similar polymers, or be polymers 
which are thermally compatible with each other. As 
used in the context of the present invention, thermal 
compatibility describes a condition wherein two mated 
polymer materials will bond together with no discernible 
interface when they are heated, i.e. they are miscible. 
Polymers which are identical are thermally compatible. 
Polymers, however, do not have to be identical to be 
thermally compatible. 

[001 7] The balloon subassembly 26 of the catheter 20 
is perhaps best appreciated by cross-referencing Fig. 2 
with Figs. 3A and 3B. Of particular importance in the 
manufacture of the balloon subassembly 26 is the pres- 
ence of marker bands 42a and 42b which have been 
bonded with or onto the guidewire-marker tube 40. In 
accordance with the present invention, each of the 
marker bands 42a,b is formed as a ring or tube before it 
is bonded onto the guidewire-marker tube 40. 
[0018] The range of dimensions for the marker bands 
42 is important for an appreciation of how they help in 
providing a reduced profile for the completely assem- 
bled catheter 20. Specifically, the marker bands 42a,b 
can have an inner diameter which is in the range of 
approximately 0.575 to 0.625 mm (twenty three to 
twenty five thousandths of an inch) (0.023 - 0.025 inch). 
For any particular diameter, the wall thickness of the 
marker bands 42a,b can be approximately 0.05 mm 
(two thousandths of an inch) (0.0020 inch). Further, 
they will have a length which is in the range of one to 
two millimeters (1 - 2 mm). 

[0019] As intended for the present invention, the 
marker bands 42a, b are preferably made of a blend of 
metal and polymer materials. Specifically, a Pebax® 


polymer, such as Pebax® 5233, can be blended with a 
metal selected from the group including tungsten, silver, 
gold, platinum, or any of the other known radiopaque 
metals, and their alloys. Further, in this blend, the radio- 

5 paque metal should constitute greater than approxi- 
mately seventy percent of the material by weight (> 70% 
wt). Preferably, for the present invention, the marker 
bands 42a,b include, by weight, approximately ninety 
percent tungsten (90% W) and approximately ten per- 

io cent polymer (10% Pebax®). 

[0020] Figs. 2 and 3A show that the marker bands 42a 
and 42b are located on the guidewire-marker tube 40 
inside the balloon 36. These Figs, also show that the 
marker bands 42a and 42b are located, respectively, 

is under the proximal end 44 and the distal end 46 of the 
balloon 36. It is to be appreciated, however, that several 
variations in both the location and length of the marker 
bands 42a,b are possible. For example, marker bands 
42 can be positioned underneath the balloon 36 to land- 

20 mark either the center of the balloon 36, the entire 
length of the balloon 36, or the lengths of various stents 
(not shown) which may be used with the balloon 36. 
Additionally, other parts of the catheter 20 can be land- 
marked with marker bands 42, as desired. Regardless 

25 where the marker bands 42 are to be positioned on the 
catheter 20, it is to be appreciated that when a compat- 
ible polymer is used for their manufacture (e.g. Pebax ), 
the marker bands 42 can be thermally bonded to other 
polymer parts of the catheter 20 according to the 

30 desires of the manufacturer. 

[0021 ] In accordance with the present invention, heat 
bonding of the marker bands 42 to the guidewire- 
marker tube 40 can be accomplished in any manner 
well known in the pertinent art. For example, radio fre- 

35 quency (RF) energy can be used to generate tempera- 
tures of around 1 77°C (three hundred and fifty degrees 
Fahrenheit) (350 F) to thermally bond the marker bands 
42 to the guidewire-marker tube 40. Further, although 
Figs. 2 and 3A indicate that the marker bands 42a,b are 

40 positioned around the outside surface of the guidewire- 
marker tube 40, it is to be understood that the marker 
bands 42a,b could just as easily be bonded to the inside 
surface of the marker tube 40. In this case, the marker 
bands 42a,b would be inside the lumen 48 of the 

45 guidewire-marker tube 40. Alternatively, as shown in 
Fig. 3B, the marker bands 42a,b can be butt joint 
bonded into the marker tube 40. For all configurations of 
the marker bands 42 on tube 40, an active mandrel 45 
can be used with the marker bands 42 and sections of 

so tube 40 arranged as desired. For purposes of the 
present invention, active mandrels are taken to be fer- 
rous (Fe) based materials which interact with RF energy 
to generate heat. This is in contrast with inactive man- 
drels which are made of inert materials such as gold 

55 (Au) or copper (Cu). Further, for the present invention it 
is preferable to use Teflon coated mandrels which will 
facilitate removal of the polymer from the mandrel after 
the bonding operation. As will be appreciated by the 
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skilled artisan, the dimensions and shape of a particular 
mandrel will determine the configuration that is taken by 
the polymer as it melts. This, in turn, establishes the 
subsequently permanent configuration of the polymer 
after it is cooled and removed from the mandrel. 
[0022] During the manufacture of the distal tip 38, the 
distal tail 50, which extends from the distal end 46 of 
balloon 36, is positioned over the guidewire-marker tube 
40 substantially as shown in Fig. 4. As shown in Fig. 5, 
an active radio frequency (RF) mandrel 52 is then 
passed through the lumen 48 of the guidewire-marker 
tube 40. This combination is then inserted into the cav- 
ity 54 of a mold 56. There, it is heated to a temperature 
in a range of approximately 99 top 177°C (two hundred 
and ten to three hundred and fifty degrees Fahrenheit) 
(210 F - 350 F). This operation melts both the Pebax 
material of the balloon 36 and the Pebax material of the 
guidewire-marker tube 40 in the mold 56. This simulta- 
neous melting provides for an integral bonding between 
the balloon 36 and the guidewire-marker tube 40 in the 
vicinity of the distal tip 38. 

[0023] Fig. 6 shows the result of the above described 
operation. Specifically, the resultant distal tip 38 is pref- 
erably formed by the mold 56 to have both an end taper 
58 and a transition taper 60. The end taper 58, indicated 
by the angle a in Fig. 6, provides for a region of increas- 
ing outside diameter in the proximal direction for the dis- 
tal tip 38. The angle a which is definitive of the end taper 
58 is measured from the centerline 62, and can gener- 
ally be in the range of about fifteen to about seventy five 
degrees (15-75 ). Preferably, the angle a will be around 
sixty degrees (a = 60 ). The transition taper 60, indi- 
cated by the angle p in Fig. 6, provides for another 
region of increasing outside diameter for the distal tip 
38. This increase is also in the proximal direction. For 
the transition taper 60 the angle p, which is also meas- 
ured from the centerline 62, will generally be in the 
range of about four to about six degrees (4 - 1 65°). Pref- 
erably the angle p will be around five degrees (p = 5 ). 
[0024] In the assembly of the catheter 20, the midsec- 
tion subassembly 24 can be connected with the balloon 
subassembly 26 in either of two ways. One way uses a 
coupling tube 41 (see Figs. 7-9). The other way does 
not (see Figs. 1 0-1 2). In either case, several parts of the 
catheter 20 need to be uniquely configured. In particu- 
lar, for this purpose it will be noted in Figs. 2, 7 and 10 
that the dual lumen tube 34 is formed with an inflation 
section 64 and a guidewire section 66. Specifically, the 
dual lumen tube 34 can be extruded in a manner well 
known in the pertinent art. Extrusion alone, however, 
does not suffice for the fabrication of the dual lumen 
tube 34. As shown in Figure 7, the inflation section 64 
includes an extension 68 which projects beyond the 
guidewire section 66 through a distance of approxi- 
mately two millimeters. Using this configuration for dual 
lumen tube 34, it can be seen that the proximal end 70 
of the guidewire-marker tube 40 can be positioned to 
abut the distal end 72 of the guidewire section 66 of the 


dual lumen tube 34. This positioning of the guidewire- 
marker tube 40 against the distal end 72 of dual lumen 
tube 34 also brings the outer surface of the proximal 
end 70 of guidewire-marker tube 40 into contact with the 

5 outer surface of the extension 68 of dual lumen tube 34. 
[0025] For one embodiment of the present invention, 
a coupling tube 41 , which is approximately five centime- 
ters (5cm) in length, is incorporated into the catheter 20. 
One reason this is done is to establish a greater separa- 

10 tion between those points on the catheter 20 which 
react to forces created by an inflation of the balloon 36. 
This increased separation may be necessary because it 
happens that as the balloon 36 is inflated, it generates 
forces on the catheter 20 which tend to elongate the 

is catheter 20. A permanent set may result from this elon- 
gation which will cause a distortion of the balloon 
assembly 26 after deflation of the balloon 36. Such a 
distortion can easily inhibit withdrawal of the catheter 20 
from the patient, and should be avoided. By attaching 

20 the coupling tube 41 to one end of the balloon 36, how- 
ever, the distance between points on the catheter 20 
where an inflation of the balloon 36 exerts stretching 
forces can be effectively increased. Specifically, this 
increase will be by about the length of the coupling tube 

25 41. The structure for this embodiment will be best 
appreciated with reference to Figs. 7 and 8. 
[0026] In Fig. 7 it will be seen that the coupling tube 
41 has a distal end 73 and a proximal end 75, with a 
lumen 77 extending through the coupling tube 41 

30 between the ends 73, 75. Further, it is to be seen that 
the proximal end 75 of coupling tube 41 is flared to give 
the lumen 77 a larger inside diameter at the proximal 
end 75. This flaring can be accomplished in any manner 
well known in the pertinent art, such as by inserting an 

35 awl (not shown) into the lumen 77 at proximal end 75. 
By cross referencing Figs. 7 and 8 it will be appreciated 
that, in order to join the coupling tube 41 to the balloon 
36, the proximal tail 74 of balloon 36 is positioned in a 
surrounding relationship over the distal end 73 of cou- 

40 pling tube 41. The proximal tail 74 is then thermally 
bonded to the distal end 73. To bond the coupling tube 
41 to the mid-section assembly 24, the flared proximal 
end 75 of coupling tube 41 is positioned in a surround- 
ing relationship over the distal end 72 of the dual lumen 

45 tube 34. Recall, the proximal end 70 of guidewire 
marker tube 40 also abuts the guidewire section 66 at 
the distal end 72 of dual lumen tube 34. The proximal 
end 75 of coupling tube 41 is then thermally bonded to 
the distal end 72 of the dual lumen tube 34. As best 

50 seen in Fig. 8, the connecting point between the proxi- 
mal end 70 of guidewire marker tube 40 and the balloon 
36 is effectively moved away from the balloon 36 by 
about the length of the coupling tube 41 . As discussed 
above, this provides additional separation of about five 

55 centimeters (5 cm) between those points on the cathe- 
ter 20 which react to the forces that are generated by an 
inflated balloon 36. For reasons discussed above, this is 
beneficial. There is, however, another benefit. 
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[0027] For the configuration of catheter 20 which 
incorporates the coupling tube 41, it can be an added 
benefit that the guidewire marker tube 40 is "coaxial" 
with the coupling tube 41 . With this "coaxial" structure 
the flexibility of the catheter 20 is improved without deg- 
radation of the ability of catheter 20 to inflate the balloon 
36. By referencing Fig. 9 it is to be appreciated that the 
guidewire marker tube 40 actually extends through the 
lumen 77 of coupling tube 41 . With this relationship, the 
guidewire lumen 96 of dual lumen tube 34 is effectively 
continued through the guidewire marker tube 40. At the 
same time, the inflation lumen 98 of dual lumen tube 34 
is placed in fluid communication with the lumen 77 of 
coupling tube 41 , and with the interior of the balloon 36. 
[0028] It is to be appreciated that the thermal bonding 
which is established between coupling tube 41 and the 
respective components of mid-section assembly 24 and 
balloon assembly 26 is accomplished using methods 
well known in the pertinent art. Essentially, these meth- 
ods involve the use of active mandrels which hold and 
shape the polymer materials as they are heated by RF 
energy. As indicated throughout this disclosure, the 
position of mandrels, the dimensions and shape of the 
mandrels, and the location and activation of RF heating 
coils are a matter of design choice and are dictated by 
the desired results. 

[0029] For another embodiment of the catheter 20, the 
connection between the mid-section assembly 24 and 
the balloon assembly 26 can be made without the use of 
a coupling tube 41 (see Figs. 10-12). With specific refer- 
ence to Fig. 10, it will be appreciated that guidewire- 
marker tube 40 can be positioned against the dual 
lumen tube 34 as indicated above. Further, it is to be 
appreciated that the proximal tail 74 of balloon 36 can 
be moved into a position to surround both the distal end 
72 and the extension 68 of the dual lumen tube 34. 
Simultaneously, the proximal tail 74 can be positioned 
over the proximal end 70 of guidewire-marker tube 40. 
With the balloon 36, guidewire-marker tube 40 and dual 
lumen tube 34 positioned as suggested, an active RF 
mandrel 76 can be sequentially inserted into the 
respective lumens of guidewire-marker tube 40 and the 
guidewire section 66 of dual lumen tube 34. At the same 
time, an active RF mandrel 78 can be inserted through 
the lumen of inflation section 64 of the dual lumen tube 
34. This mandrel 78 is "active" in the sense that it heats 
up when exposed to RF energy. This combination is 
now ready for heat bonding. 
[0030] To effect a bonding between the proximal tail 
74 of the balloon 36, the guidewire-marker tube 40, and 
the dual lumen tube 34, a radio frequency (RF) coil 80 
can be positioned, substantially as shown in Fig. 11. 
Upon activation of the coil 80, these components will 
bond wherever they are in contact with each other. Acti- 
vation of the coil 80 actually serves two purposes. 
Firstly, there is the bonding action just described. Sec- 
ondly, the coil 80 can be extended over at least a portion 
of the dual lumen tube 34 to create a "necked-down" 


12 

portion 82 of the dual lumen tube 34. As best seen in 
Fig. 1 1 , this necked-down portion 82 will be immediately 
proximal to the balloon subassembly 26 and, preferably, 
will be approximately four centimeters in length (4 cm.). 
5 Upon deactivation of the coil 80, the coil 80 and the two 
mandrels 76 and 78 are removed. The result of this 
bonding and "necking-down" operation is shown in Fig. 
12. 

[0031] As can be appreciated by cross-referencing 

w Fig. 12 with Figs. 13 and 14, the necked-down portion 
82 of dual lumen tube 34 has a smaller, more compact, 
cross sectional profile (Fig. 1 4) than does the rest of the 
dual lumen tube 34 (Fig. 1 3). The purpose for this differ- 
ence in cross sectional areas is that the necked-down 

15 portion 82 is thereby able to present a slimmer profile 
near the balloon assembly 26. This reduced profile is 
particularly desirable where the catheter 20 is most 
likely to confront lesions or narrower vessels in the 
patient's vascular system. 

20 [0032] By way of example, as shown in Fig. 13, the 
guidewire section 66 of dual lumen tube 34 will have an 
outer diameter 84 that is equal to about 0.625 mm 
(twenty five thousandths of an inch) (0.025 ± 0.003), 
and an inner diameter 86 that is equal to about 0.475 

25 mm (nineteen thousandths of an inch) (0.019 ± 0.005). 
On the other hand, the inflation section 64 of dual lumen 
tube 34 will have an outer diameter 88 that is equal to 
about 0.55 mm (twenty two thousandths of an inch) 
(0.022 + 0.003), and an inner diameter 90 that is equal 

30 to about 0.375 mm (fifteen thousandths of an inch) 
(0.01 5 ± 0.001 ). The height 92 of the dual lumen tube 34 
will be approximately 1.15 mm (forty six thousandths of 
an inch) (0.046 ± 0.003) and the center-to-center dis- 
tance 94 between the guidewire lumen 96 and the infla- 

35 tion lumen 98 in dual lumen tube 34 is approximately 
0.55 mm (twenty two thousandths of an inch (0.022 ± 
0.002)). Contrast this with the dimensions of the 
necked-down portion 82 shown in Fig. 14. There it will 
be seen that the overall outside diameter 100 of the 

40 necked-down portion 82 will be approximately 0.85 mm 
(thirty four thousandths of an inch) (0.034 ± 0.003). 
Within this configuration, the guidewire lumen 96 will 
have a diameter of approximately 0.425 mm (seventeen 
thousandths of an inch (0.017 ± 0.005)), and the irtfla- 

45 tion lumen 98 will have a diameter of approximately 0.3 
mm (twelve thousandths of an inch (0.012 ± 0.005)). 
[0033] The joining of the hypotube subassembly 22 
with the mid-section subassembly 24 by thermal bond- 
ing is made possible by the fact that the hypotube 30 is 

50 pre-coated with a polymer. By cross referencing Figs. 
15A and 15B it will be seen and appreciated that the 
hypotube 30 is formed with an inflation lumen 99 and is 
covered over its outer surface with a coating 101 . Pref- 
erably, the polymer used to pre-coat the hypotube 30 is 

55 a Pebax material such as those used for other compo- 
nents of the catheter 20 and is approximately greater 
than about 0.125 to 0.25 mm (five - ten thousandths of 
an inch thick (0.0005 in)). More specifically, the polymer 
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coating is extruded onto the outer surface of the hypo- 
tube in a high speed continuous operation. For pur- 
poses of the present invention, the hypotube 30 is 
preferably made of stainless steel. To do this, it is to be 
appreciated that the hypotube 30 is straightened prior to 
having the polymer extruded onto its outer surface. The 
method whereby the hypotube subassembly 22 is man- 
ufactured for integration into the catheter 20 is notewor- 
thy and is discussed in greater detail below. As for the 
configuration of the hypotube 30 used for the catheter 
20 of the present invention, its structure is, perhaps, 
best appreciated with reference to Fig. 15A. There it will 
be seen that the distal end 1 02 of hypotube 30 has been 
shaved to create a skived projection 103 for this pur- 
pose. Specifically, the skived projection 103 of the distal 
end 102 of hypotube 30 is dimensioned for insertion into 
the inflation lumen 98 at the proximal end 104 of the 
mid-tube 32, and for subsequent heat bonding there- 
with. Before this is accomplished, however, the distal 
end 106 of mid-tube 32 will be heat bonded to the dual 
lumen tube 34. 

[0034] In Fig. 15A it can be seen that guidewire sec- 
tion 66 of the dual lumen tube 34 includes a proximally 
oriented extension 108 which is skived or shaved to cre- 
ate a guidewire port 1 10 for the guidewire lumen 96. To 
be in scale with other dimensions given herein, the 
extension 108 will project beyond the proximal end 1 12 
of the inflation section 64 of dual lumen 34 to a distance 
of about ten millimeters (10 mm). Accordingly, as the 
mid-tube 32 is joined with the dual lumen tube 34, the 
distal end 106 of mid-tube 32 will abut the proximal end 
112 of inflation section 64 of the dual lumen tube 34. 
Also, the extension 1 08 of guidewire section 66 will be in 
contact with the outer surface of the distal end 106 of 
mid-tube 32. 

[0035] As indicated in Fig. 16, an RF coil 114, acting 
in concert with an active RF mandrel (not shown), can 
be used to heat bond the distal end 106 of mid-tube 32 
to the dual lumen tube 34. As also indicated in Fig. 16, 
an RF coil 1 16 can be similarly used to heat bond the 
distal end 1 02 of hypotube 30 to the proximal end 1 04 of 
mid-tube 32 at a point that is just proximal to the distal 
end 102. Importantly, with this bond, the skived projec- 
tion 103 of distal end 102 extends through mid-tube 32 
to a point where the extreme distal tip 1 13 of the hypo- 
tube 30 is slightly distal to the guidewire port 110 in 
order to provide some degree of stiffness for the cathe- 
ter 20 in this region. Also, with this bond, the inflation 
lumen 99 of hypotube 30 is placed in fluid communica- 
tion with the inflation lumen 98 of dual lumen tube 34. 
[0036] In light of the above disclosure it is to be appre- 
ciated that the guidewire lumen 96 of catheter 20 
extends distally through the catheter 20 from the 
guidewire port 110 in mid-section subassembly 24 to 
the distal tip 38 of the balloon subassembly 26. Thus, 
along its course, the guidewire lumen 96 passes 
through the guidewire section 66 of dual lumen tube 34 
and through the guidewire-marker tube 40. On the other 


hand, the inflation lumen 98 of catheter 20 establishes 
fluid communication all the way from the luer fitting 28 to 
the balloon 36. Specifically, the inflation lumen 98 
extends successively from the inflation lumen 99 of 
s hypotube 30, through the mid-tube 32, and the inflation 
section 64 of dual lumen tube 34. From the dual lumen 
tube 34, the inflation lumen 98 empties directly through 
the lumen 77 of coupling tube 41 into the interior of bal- 
loon 36. 

10 [0037] The contributions of each of the subassemblies 
22, 24 and 26 to the overall functionality of the catheter 
20 are noteworthy. Along the length of the catheter 20, it 
is the hypotube subassembly 22 which provides most of 
the axial strength that is necessary to give the catheter 

is 20 good "pushability." With its different structure, the 
dual lumen tube 34 of mid-section subassembly 24 pro- 
vides good fluid transfer properties for inflation and 
deflation operations of the balloon 36. At the same time, 
the dual lumen tube 34 allows for improved twisting and 

20 turning performance in the distal portion of the catheter 
20. Specifically, due to the dual lumen design of the 
tube 34 there is increased resistance to potential col- 
lapsing of the inflation lumen 98 during an advancement 
of the catheter 20 through a patient's vascular system. 

25 The use of a coupling tube 41 provides additional sepa- 
ration between points on the catheter 20 which will react 
to an inflation of the balloon 36. This additional separa- 
tion reduces the adverse consequences which can 
result when the catheter 20 is stretched and perma- 

30 nently distorted. Further, the coupling tube 41 estab- 
lishes a "coaxial" arrangement between the inflation 
lumen 98 and the guidewire lumen 96 which benefits 
both the flexibility of the catheter 20 and the instability 
of the balloon 36. In the balloon subassembly 26, the 

35 marker bands 42a,b allow for good observation of the 
advancement of the balloon 36 and its precise position 
in a patient's vascular system. Further, due to the mate- 
rials used in their manufacture, the marker bands 42a,b 
provide for enhanced flexibility of the balloon sub- 

w assembly 22. Still further, due to their dimensions, the 
marker bands 42a,b provide a reduced and slimmer 
profile which allows the distal extremities of the catheter 
20 to be more easily advanced farther into the patient's 
vascular system. 

45 [0038] As discussed above, there must be a compati- 
bility of materials in order for the respective hypotube, 
mid-section and balloon subassemblies 22, 24, 26 to be 
thermally bonded together. As the hypotube 30 is made 
of stainless steel in the preferred embodiment, in order 

so to be bonded to the midsection subassembly 24, the 
hypotube 30 must be laminated with a polymer coating 
101 to form the hypotube subassembly 22 of the 
present invention. To do this, and referring now to Fig. 
19,aspool 124 of stainless steel tubing 126 is provided. 

55 The stainless steel tubing 126 is first fed into a wire 
straightener 1 28, and then into the crosshead 1 30 of an 
extruder 132. The wire straightener 128 is required 
because the extrusion process, wherein the polymer 
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coating 101 is laminated onto the hypotube 30, involves 
very close tolerances. More specifically, and referring 
briefly back to Fig. 15B, the coating 101 can have a 
thickness 105 in a range of substantially 0.125 to 0.25 
mm (five thousandths of an inch to ten thousandths of 
an inch). In the preferred embodiment of the invention, 
a four plane wire straightener 128 is used. Once 
straightened, the tubing 126 is fed into the crosshead 
130 of the extruder 132, in a direction as shown by 
arrow 133. 

[0039] As shown in Fig. 19, a polymer material 138 is 
introduced into the hopper 140 of the extruder 132. For 
a detailed description of the extruder 132, refer to U.S. 
Patent Application Serial No. 09/108,656 for an inven- 
tion entitled "Medical Devices Made By Rotating Man- 
drel Extrusion", which is assigned to the same assignee 
as the present invention. The actual lamination of poly- 
mer material 138 onto the tubing 126 is, however, per- 
haps best appreciated by referring to Fig. 20. Fig. 20 
shows the die 134 in greater detail. In Fig. 20, it is 
shown that the tubing 126 passes through die bore 141 
and exits from the die opening 143 of extruder 132. 
Specifically, the polymer material 138, which is in a mol- 
ten state while in the die 134, enters through feed pas- 
sageway 144, and into the extrusion chamber 145, as 
shown by arrows 146. As the polymer material 138 is 
extruded through thedieopening 143 atafixed rate, the 
tubing 126 is pulled through the die opening 143 of 
extruder 132 at a variable rate in the direction shown by 
arrow 148. Importantly, as the tubing 126 is pulled 
through the die opening 143, the polymer material 138 
forms around the outer surface of the tubing 126 to cre- 
ate the laminated coating 101 (see Fig. 15B). 
[0040] Referring back to Fig. 19, after exiting the die 
134, the laminated tubing 126 is cooled as it is pulled 
through the water bath 135 by the puller 136. Actually, 
the water bath 135 cools both the tubing 126 and the 
coating 101, and allows the coating 101 to solidify 
around the tubing 126. The diameter of the laminated 
tubing 126 is then measured by a laser micrometer 150. 
This diameter reading is used by a control system 152 
to maintain the thickness 105 of the coating 101 in 
accordance with a predetermined value as chosen by 
the operator, as discussed below. 
[0041] It is to be appreciated by referring to Fig. 19 
that, to maintain the correct thickness 1 05 of the coating 
101 , a signal 156 establishing the desired thickness 105 
is used as an input for the control system 152. The laser 
micrometer 150 measures the actual diameter of the 
laminated tubing 126 and generates a micrometer out- 
put signal 154, which is sent to the control system 152. 
The diameter of the laminated tubing 126 can be used 
to manipulate the thickness 105 of the coating 101 
because the stainless steel tubing diameter remains 
constant. With a constant stainless steel tubing diame- 
ter, any changes in diameter of the laminated tubing 1 26 
would be due to a change in thickness 105 of the coat- 
ing 101. The control system 152 then compares the 


desired thickness signal 156 to the output micrometer 
signal 154 to generate an error signal. If the error signal 
indicates the actual laminar coating 101 is too thin, the 
control system 152 sends a controller output signal 158 

5 to the puller 136 to slow the rate at which the tubing 126 
is pulled through the extruder 132. As the puller 136 
slows this rate at which tubing 126 is pulled, the tubing 
126 will pass through the die bore 141 more slowly. 
Because the tubing 126 passes through the die bore 

jo 141 more slowly and the rate of extrusion of polymer 
1 38 is constant, the tubing 1 26 is exposed to the molten 
polymer material 138 for a longer period of time, and a 
thicker layer of polymer material 1 38 forms on the tubing 
126. In this manner, the thickness 105 of the laminar 

w coating 101 can be increased. 

[0042] On the other hand, if the error signal indicates 
the laminar coating 101 is too thick, the control system 
152, in response to a signal 154 generated by the laser 
micrometer 150, generates a control output signal 158 

20 which increases the pull rate on the tubing 1 26. Accord- 
ingly, the tubing 126 is pulled through the die bore 141 
more quickly. The result then is that less polymer mate- 
rial 138 coats the tubing 126 and a thinner coating 101 
is obtained. The result of the method of the present 

25 invention is a tubing 126 which has a substantially uni- 
form laminar coating 101 of a desired thickness 105 
(see Fig. 15B). 

[0043] After the laser micrometer 1 50 has verified the 
thickness 105 of the coating 101 is at the desired value, 

so the tubing 1 26 is cut by the cutter 1 60 to form the lami- 
nated hypotube 30 of the present invention. After being 
cut, a luer fitting 28 may be attached to the hypotube 30 
to form the hypotube subassembly 22 of the present 
invention as discussed above. The hypotube sub- 

35 assembly 22 is then skived and assembled within the 
catheter 20 as also described above. 
[0044] In the operation of the catheter 20 of the 
present invention, and as shown in Fig. 18, a guidewire 
1 18 is positioned in the vascular system of a patient, as 

40 desired. The proximal end 120 of guidewire 1 18 is then 
inserted into the guidewire lumen 96 at the distal tip 38 
of the catheter 20. The catheter 20 is then advanced 
along the guidewire 118 until the proximal end 120 of 
guidewire 118 emerges from the guidewire port 1 10. By 

45 grasping the proximal end 120, the guidewire 1 18 can 
be stabilized during further advancement of the catheter 
20 over the guidewire 1 1 8. This advancement continues 
until the balloon 36 is positioned in the vascular system 
of the patient, as desired. With the balloon 36 so posi- 

50 tioned, an inflator 122, which is engaged in fluid com- 
munication with the inflation lumen 98 of luer fitting 28, 
is activated to inflate the balloon 36. Subsequently, the 
balloon 36 can be deflated and the catheter 20 with- 
drawn over the guidewire 118. For obvious health rea- 

55 sons, as intended for the present invention, the catheter 
20 is to be discarded after use. 
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Claims 

1 . A radiopaque marker for locating a medical device 
in vivo which comprises: 

a catheter body; 

a matrix material; and 

a metal, said metal being blended into said 
matrix material to form a radiopaque band, said 
band being bonded to said catheter body to 
contrast therewith. 

2. A medical catheter which comprises: 

a catheter body; 

a radiopaque band made of a metal blended 
with a matrix material, said radiopaque band 
being thermally bonded to said catheter; and 
a tubular shaped balloon having a first tail and 
a second tail, said first tail and said second tail 
being respectively thermal bonded to said cath- 
eter body to position at least a portion of said 
catheter body inside said balloon, with said 
radiopaque band being positioned on said 
catheter body to identify a location for said bal- 
loon on said catheter body. 

3. A marker as recited in claim 1 or a catheter as in 
claim 2 wherein said matrix is made of a polyether 
block amide co-polymer. 

4. A marker as recited in claim 1 or a catheter as in 
claim 2 wherein said catheter body is made of a pol- 
yether block amide co-polymer. 

5. A marker as recited in claim 1 or a catheter as in 
claim 2 wherein said metal is selected from a group 
including tungsten, silver, gold, platinum and their 
alloys. 

6. A marker or catheter as recited in claim 5 wherein 
said metal is at least seventy percent by weight of 
said radiopaque band. 

7. A marker as recited in claim 1 or any claim depend- 
ent thereon, or a catheter as in claim 2 or any claim 
dependent thereon wherein said band is formed as 
a ring, said ring having an outer diameter and being 
formed with a lumen defined by an inner diameter. 

8. A marker or catheter as recited in claim 7 wherein 
said outer diameter and said inner diameter have a 
difference therebetween to define a wall thickness, 
and said wall thickness is in the range of approxi- 
mately (0.025 to 0.05 mm (one thousandth of an 
inch to two thousandths of an inch (0.001 -0.002 
inch)). 


9. A marker or catheter as recited in claim 8 wherein 
said catheter body is a tube and said band receives 
said catheter tube in said lumen to circumscribe at 
least a portion of said tube. 

s 

10. A marker or catheter as recited in claim 9 further 
comprising a tubular shaped balloon having a first 
tail and a second tail, said first tail and said second 
tail being respectively bonded to said catheter body 

10 to position at least a portion of said catheter body 
inside said balloon, with said radiopaque band 
being positioned on said catheter body to identify a 
location for said balloon on said catheter body. 

15 11. A marker as recited in claim 1 or any claim depend- 
ent thereon, or a catheter as in claim 2 or any claim 
dependent thereon, further comprising a plurality of 
said radiopaque bands. 

20 12. A method for thermally bonding a radiopaque 
marker to a catheter body which comprises the 
steps of: 

blending a metal with a matrix material to form 

25 a radiopaque band; 

positioning said radiopaque band against a 
portion of said catheter body; and 
applying RF energy to said radiopaque band 
and to said catheter body to thermally bond 

30 said radiopaque band to said catheter body. 

13. A method as recited in claim 12 wherein said band 
is formed as a ring, said ring having an outer diam- 
eter and being formed with a lumen defined by an 
35 inner diameter, and wherein said catheter body is a 
tube, and further wherein said positioning step is 
accomplished by inserting at least a portion of said 
catheter body into said lumen of said ring. 

40 14. A method as recited in claim 1 3 wherein said apply- 
ing step further comprises the steps of: 

placing an active RF mandrel into said catheter 
body tube; 

45 surrounding said radiopaque marker, said cath- 

eter body tube and said mandrel with an RF 
coil to locate said radiopaque marker and said 
catheter body tube between said RF coil and 
said active RF mandrel; and 

so sending a current through said coil. 

15. A method as recited in any of claims 12 to 14 
wherein said matrix material and said catheter body 
are made of a polyether block amide co-polymer. 

55 

16. A method as recited in any of claims 12 to 15 
wherein said metal is selected from a group includ- 
ing tungsten, silver, gold, platinum and their alloys, 
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and wherein said metal is at least seventy percent 
by weight of said radiopaque band. 

17. A method as recited in any of claims 12 to 16 
wherein said catheter body further comprises a 5 
tubular shaped balloon having a first tail and a sec- 
ond tail, and said method further comprises the 
step of respectively bonding said first tail and said 
second tail to said catheter body to position at least 

a portion of said catheter body inside said balloon, w 
with said radiopaque band being positioned on said 
catheter body to identify a location for said balloon 
on said catheter body. 

18. A dual lumen tube subassembly for use in a single- 15 
operator-exchange (SOE) medical balloon catheter 

to interconnect the balloon with an inflator and to 
establish a guidewire passageway for the catheter, 
said subassembly comprising: 

20 

a guidewire section formed with a guidewire 
lumen, said guidewire section having a proxi- 
mal end and a distal end; 
an inflation section formed with an inflation 
lumen, said inflation section having a proximal 25 
end and a distal end, said inflation section 
being longitudinally juxtaposed with said 
guidewire section to create a proximal exten- 
sion for said guidewire section and to create a 
distal extension for said inflation section; 30 
a guidewire marker tube thermally bonded to 
said distal extension of said inflation section 
and to said guidewire section to establish a 
continuous guidewire passageway between 
said guidewire marker tube and said guidewire 35 
section; and 

a mid-tube section thermally bonded to said 
proximal extension of said guidewire section 
and to said inflation section to establish a fluid 
passageway between said inflation section and w 
said mid-tube section for inflating said balloon. 

19. A device as recited in claim 18 wherein said 
guidewire section is composed of a polymer mate- 
rial to provide a color contrast between said 45 
guidewire section and said mid-tube section. 

20. A device as recited in claim 19 wherein said poly- 
mer is a medical grade plastic. 

50 

21 . A device as recited in claim 20 wherein said medi- 
cal grade plastic is a polyether block amide co-pol- 
ymer. 

22. A device as recited in claim 21 wherein said co-pol- 55 
ymer is Pebax. 

23. A device as recited in any of claims 18 to 22 


wherein said mid-tube section and said inflation 
section and said guidewire marker tube are made 
of compatible materials. 

24. A device as recited in any of claims 18 to 23 
wherein said proximal extension of said guidewire 
section is approximately ten millimeters (10 mm) 
long. 

25. A device as recited in any of claims 18 to 24 
wherein said distal extension of said inflation sec- 
tion is approximately two millimeters (2 mm) long. 

26. A method for forming a dual lumen tube for use in a 
single-operator-exchange (SOE) medical balloon 
catheter, said dual lumen tube interconnecting the 
balloon with an inflator and establishing a guidewire 
passageway for the catheter, said method compris- 
ing the steps of: 

extruding said dual lumen tube, said dual 
lumen tube having a proximal end and a distal 
end and having a guidewire section and an 
inflation section, said guidewire section being 
formed with a guidewire lumen, and said infla- 
tion section being formed with an inflation 
lumen, said guidewire lumen being longitudi- 
nally juxtaposed with said inflation lumen; 
cutting said proximal end of said dual lumen 
tube to create a proximal extension for said 
guidewire section extending longitudinally 
beyond said inflation section; 
cutting said distal end of said dual lumen tube 
to create a distal extension for said inflation 
section extending longitudinally beyond said 
guidewire section; 

thermally bonding a guidewire marker tube to 
said distal extension of said inflation section 
and to said guidewire section to establish a 
continuous guidewire passageway between 
said guidewire marker tube and said guidewire 
section; and 

thermally bonding a mid-tube section to said 
proximal extension of said guidewire section 
and to said inflation section to establish a fluid 
passageway between said inflation section and 
said mid-tube section for inflating said balloon. 

27. A method as recited in claim 26 wherein said dual 
lumen tube is made of a material of a polymer 
material which provides a color contrast between 
said guidewire section and said mid-tube section. 

28. A method as recited in claim 26 to 27 further com- 
prising the step of skiving said proximal extension 
of said guidewire section prior to said thermal bond- 
ing of said mid-tube section to said inflation section 
and to said extension of said guidewire section. 
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29. A method as recited in claim 26, 27 or 28 wherein 
said thermal bonding is accomplished using radio 
frequency (RF) energy. 

30. A method as recited in any of claims 26 to 29 
wherein said thermal bonding is accomplished at 
substantially 177°C (three hundred and fifty 
degrees Fahrenheit (350 F)). 

31. A method as recited in any of claims 26 to 30 
wherein said cutting of said proximal end is accom- 
plished to make said proximal extension of said 
guidewire section approximately ten millimeters (10 
mm) long. 

32. A method as recited in any of claims 26 to 31 
wherein said cutting of said distal end is accom- 
plished to make said distal extension of said infla- 
tion section approximately two millimeters (2 mm) 
long. 

33. A hypotube subassembly for establishing an infla- 
tion airway for a medical balloon catheter which 
comprises: 

a hypotube having an outer surface, a proximal 
end, and a distal end, said distal end being 
shaved to form a skived projection; 
a coating positioned over said outer surface of 
said hypotube; and 

a mid-tube having a proximal end and a distal 
end, said mid-tube being formed with a lumen 
for receiving said skived projection of said 
hypotube therein with said proximal end of said 
mid-tube being bonded to said coating on said 
hypotube proximal to said distal end of said 
hypotube and said distal end of said mid-tube 
being connected to said balloon to establish 
said airway through said hypotube to said bal- 
loon. 

34. A hypotube subassembly as recited in claim 33 
wherein said skived projection extends substan- 
tially through said mid-tube. 

35. A hypotube subassembly as recited in claim 33 or 
34 wherein said coating is made of a polymer mate- 
rial and said mid-tube is made of a polymer mate- 
rial. 

36. A hypotube subassembly as recited in claim 35 
wherein said polymer material of said coating and 
said polymer material of said mid-tube are poly- 
ether block amid co-polymers. 

37. A hypotube subassembly as recited in claim 36 
wherein said polymer material of said coating is a 
Pebax 7030 and said polymer material of said mid- 
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tube is a Pebax 7233. 

38. A hypotube subassembly as recited in any of claims 
33 to 37 wherein said hypotube is approximately 
s one meter in length, said skived projection of said 
hypotube is approximately fifty five mm in length, 
and said mid-tube is approximately sixty mm in 
length. 

10 39. A hypotube subassembly as recited in any of claims 
33 to 38 further comprising a luer fitting connected 
to said proximal end of said hypotube. 

40. A hypotube subassembly defining a longitudinal 
15 axis and formed with a lumen extending along said 

axis for establishing an inflation airway for a medical 
balloon catheter between an inflator and a balloon, 
said hypotube subassembly comprising: 

20 a first section having a wall surrounding said 

lumen, said wall of said first section including a 
reinforcement completely surrounding said 
lumen to establish a longitudinal stiffness for 
said hypotube subassembly in said first sec- 

25 tion, said reinforcement having a skived projec- 

tion extending therefrom; and 
a second section extending longitudinally from 
said first section and having a wall surrounding 
both said lumen and said skived extension of 

30 said reinforcement to reduce the longitudinal 

stiffness in said second section, relative to said 
first section, and establish increased flexibility 
for said second section, relative to said first 
section. 

35 

41. A hypotube subassembly as recited in claim 40 
wherein said reinforcement is a hypotube. 

42. A hypotube subassembly as recited in claim 40 or 
w 41 wherein said skived projection extends substan- 
tially through said second section. 

43. A hypotube subassembly as recited in claim 40, 41 
or 42 wherein said reinforcement has an outer sur- 

45 face wherein said wall of said first section includes 
a coating of polymer material positioned over said 
outer surface of said reinforcement, and further 
wherein said wall of said second section is a poly- 
mer material. 

50 

44. A hypotube subassembly as recited in claim 43 
wherein said polymer material of said coating and 
said polymer material of said second section are 
polyether block amid co-polymers. 

55 

45. A hypotube subassembly as recited in claim 44 
wherein said polymer material of said coating is a 
Pebax 7030 and said polymer material of said mid- 
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tube is a Pebax 7233. 

46. A hypotube subassembly as recited in any of claims 
40 to 45 wherein said first section Is approximately 
one meter in length, said skived projection of said 
reinforcement is approximately fifty five mm in 
length, and said section is approximately sixty mm 
in length. 

47. A hypotube subassembly as recited in any of claims 
40 to 46 further comprising a luer fitting connected 
to said first section with said first section being 
located between said luer fitting and said second 
section. 

48. A device for providing an air passageway to inflate 
a balloon of a medical balloon catheter and for pro- 
viding stiffness to increase pushability of said med- 
ical balloon catheter which comprises: 

a metal hypotube having a distal end, a proxi- 
mal end and an outer surface; 
a skived projection extending distally from said 
distal end of said metal hypotube; 
a polymer coating attached to said outer sur- 
face; 

a polymer mid-tube formed with a lumen for 
receiving said skived projection therein to place 
said hypotube in fluid communication with said 
mid-tube, said polymer mid-tube being ther- 
mally bonded to said coating to position and 
hold said skived projection in said lumen of 
said polymer mid-tube; and 
means for connecting said polymer mid-tube in 
fluid communication with said balloon to inflate 
said balloon through said hypotube. 

49. A device as recited in claim 48 wherein said skived 
projection extends substantially through said mid- 
tube, and wherein said coating and said mid-tube 
are made of a polymer material. 

50. A device as recited in claim 49 wherein said poly- 
mer material of said coating and said polymer 
material of said mid-tube are polyether block amid 
co-polymers. 

51 . A device as recited in claim 50 wherein said poly- 
mer material of said coating is a Pebax 7030 and 
said polymer material of said mid-tube is a Pebax 
7233. 

52. A device as recited in any of claims 48 to 51 
wherein said hypotube is approximately one meter 
in length, said skived projection is approximately 
fifty five mm in length, and said mid-tube is approx- 
imately sixty mm in length, and wherein said device 
further comprises a luer fitting connected to said 


proximal end of said hypotube. 

53. An inflatable balloon subassembly for a medical 
catheter which comprises: 

5 

an inflatable balloon having a proximal tail and 
a distal tail; 

a guidewire tube having a proximal end and a 
distal end, said distal tail of said balloon being 

w connected to said distal end of said guidewire 

tube in a surrounding relationship thereto; and 
a catheter body formed with a guidewire lumen 
and an inflation lumen, said proximal end of 
said guidewire tube being connected to said 

15 catheter body in fluid communication with said 

guidewire lumen thereof to establish a pas- 
sageway for receiving a guidewire there- 
through, and said proximal tail of said balloon 
being connected to said catheter body to 

20 establish fluid communication between said 

balloon and said inflation lumen of said cathe- 
ter body. 

54. A balloon subassembly as recited in claim 53 fur- 
25 ther comprising a coupling tube formed with a 

lumen and having a proximal end and a distal end, 
said proximal tail of said balloon being connected to 
said distal end of said guidewire tube in a surround- 
ing relationship thereto, and said proximal end of 
30 said coupling tube being connected to said catheter 
body. 

55. A balloon subassembly as recited in claim 54 
wherein said balloon, said guidewire tube, said 

35 catheter body and said coupling tube are made of 
compatible polymers. 

56. A balloon subassembly as recited in claim 54 or 55 
wherein said coupling tube is approximately five 

40 centi meters in I ength (5 cm) . 

57. A balloon subassembly as recited in claim 54, 55 or 
56 wherein said guidewire lumen and said inflation 
lumen of said catheter body are longitudinally juxta- 

45 posed. 

58. A balloon subassembly as recited in any of claims 
53 to 57 wherein said coupling tube and said 
guidewire tube are coaxial. 

50 

59. A balloon subassembly as recited in any of claims 
53 to 58 wherein said balloon is thermally bonded 
to said guidewire tube, said guidewire tube is ther- 
mally bonded to said catheter body, and said cou- 

55 pling tube is thermally bonded to said balloon and 
thermally bonded to said catheter body. 

60. An inflatable balloon subassembly for a medical 
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catheter which comprises: 

a dual lumen tube having a first lumen and a 
second lumen; 

a single lumen tube connected in fluid commu- 
nication with said first lumen of said dual lumen 
tube to establish a passageway for receiving a 
guidewire therethrough; 
a coupling tube having a lumen for receiving 
said single lumen tube therethrough, said cou- 
pling tube being connected to said dual lumen 
tube in fluid communication with said second 
lumen thereof; and 

a balloon having a distal tail and a proximal tail, 
said distal tail of said balloon being connected 
to said single lumen tube in a surrounding rela- 
tionship thereto and said proximal tail of said 
balloon being connected to said coupling tube 
in fluid communication therewith. 

61. A balloon subassembly as recited in claim 60 
wherein said coupling tube is approximately five 
centimeters in length (5 cm). 

62. A balloon subassembly as recited in claim 60 or 61 
wherein said first lumen and said second lumen of 
said dual lumen tube are longitudinally juxtaposed, 
and wherein said coupling tube and said single 
lumen tube are coaxial. 

63. A balloon subassembly as recited in claim 60, 61 *or 
62 wherein said balloon is thermally bonded to said 
single lumen tube, said single lumen tube is ther- 
mally bonded to said dual lumen tube, and said 
coupling tube is thermally bonded to said balloon 
and thermally bonded to said dual lumen tube. 

64. A balloon subassembly as recited in any of claims 
60 to 63 wherein said balloon, said single lumen 
tube, said dual lumen tube and said coupling tube 
are made of compatible polymers. 

65. A balloon subassembly as recited in claim 64 
wherein said polymer is Pebax. 

66. A method for manufacturing an inflatable balloon 
subassembly for a medical catheter which com- 
prises the steps of: 

providing a tubular shaped balloon having a 
distal tail and a proximal tail, a guidewire tube 
formed with a lumen and having a distal end 
and a proximal end, a coupling tube formed 
with a lumen and having a distal end and a 
proximal end, and a dual lumen tube formed 
with a first lumen and a second lumen; 
thermally bonding said distal tail of said balloon 
to said distal end of said guidewire tube in a 


surrounding relationship therewith; 
thermally bonding said proximal end of said 
guidewire tube in fluid communication with said 
first lumen dual lumen tube to establish a pas- 
s sageway for receiving a guidewire there- 

through; 

thermally bonding said proximal end of said 
coupling tube to said dual lumen tube to sur- 
round said guidewire tube and to establish fluid 
10 communication between said lumen of said 

coupling tube and said second lumen of said 
dual lumen tube; and 

thermally bonding said proximal tail of said bal- 
loon to said distal end of said coupling tube to 
is establish fluid communication therebetween. 

67. A method as recited in claim 66 wherein said bal- 
loon, said guidewire tube, said dual lumen tube and 
said coupling tube are made of compatible poly- 

20 mers. 

68. A method as recited in claim 66 or 67 wherein said 
coupling tube is approximately five centimeters in 
length (5 cm). 

25 

69. A method as recited in claim 66, 67 or 68 wherein 
said first lumen and said second lumen of said dual 
lumen tube are longitudinally juxtaposed. 

30 70. A method as recited in any of claims 66 to 69 
wherein said coupling tube and said guidewire tube 
are coaxial. 

71. A method for manufacturing a medical balloon cath- 
35 eter having a hypotube subassembly for use in 
interconnecting the balloon of the catheter with an 
inflator, comprising the steps of: 

providing a source of metal tubing, said tubing 
w having an outer surface; 

straightening said tubing; 
pulling said tubing at a variable rate through a 
die opening of an extruder in response to a 
control signal; 

45 extruding a polymer material through said die 

opening to form a laminar coating of said poly- 
mer material on said outer surface of said tub- 
ing as said tubing is pulled through said die 
opening, said coating having a thickness; 

so cooling said tubing and said coating; 

measuring said thickness of said coating to 
generate said control signal for said pulling 
step to maintain a substantially uniform thick- 
ness for said coating 

55 cutting said tubing and said coating to form a 

laminated tube, said tube having a length with 
a proximal end and a distal end; 
fixing a luer hub fitting to said proximal end of 


10 


14 


27 


EP 0 987 042 A2 


said tube; 

engaging said inflator with said luer hub fitting 
to establish fluid communication between said 
inflator and said proximal end of said tube; and 
attaching an inflatable balloon in fluid commu- 
nication with said distal end of said tube. 

72. A method as recited in claim 71 wherein said 
source of metal tubing is a spool of stainless steel 
tubing. 

73. A method as recited in claim 71 or 72 wherein said 
straightening step is accomplished with a four plane 
wire straightener. 

74. A method as recited in claim 71 , 72 or 73 wherein 
said rate of said pulling step is approximately 15 m 
per minute (fifty feet per minute (50 ft/min)). 

75. A method as recited in any of claims 71 to 74 
wherein said laminar coating is a polymer material 
made of a medical grade plastic. 

76. A method as recited in claim 75 wherein said medi- 
cal grade plastic is a polyether block amide co-pol- 
ymer. 

77. A method as recited in claim 76 wherein said co- 
polymer is Pebax. 

78. A method as recited in any of claims 71 to 78 
wherein said coating is colored blue to contrast said 
hypotube subassembly within said catheter. 

79. A method as recited in any of claims 71 to 78 
wherein said measuring step is accomplished with 
a laser micrometer, said micrometer having a con- 
trol system for generating said control signal for 
said pulling step. 

80. A method as recited in any of claims 71 to 79 
wherein said attaching step is accomplished with 
thermal bonding. 

81 . A method as recited in claim 80 wherein said ther- 
mal bonding is accomplished using radiofrequency 
(RF) energy at approximately 1 77°C (three hundred 
and fifty degrees Fahrenheit (350 F)). 

82. A method as recited in any of claims 71 to 81, fur- 
ther comprising the step of: 

skiving said distal end of said tube, said skiving 
step to be accomplished after said fixing step 
and before said attaching step. 

83. A medical balloon catheter having a hypotube sub- 
assembly for interconnecting the balloon with an 


inflator, comprising: 

a metal tube having an outer surface, a proxi- 
mal end and a distal end; 

5 a polymer coating laminated onto said outer 

surface of said tube, said coating being lami- 
nated on said outer surface by passing said 
tube through a die bore of an extruder and 
extruding a polymer material through said die 

10 bore onto said surface to obtain a substantially 

uniform thickness for said coating on said tube; 
a luer fitting bonded to said polymer coating at 
said proximal end of said tube, said luer fitting 
being engageable with an inflator; and 

15 an inflatable balloon subassembly bonded to 

said polymer coating at said distal end of said 
tube to place said inflator in fluid communica- 
tion with said balloon. 

20 84. A device as recited in claim 83 wherein said thick- 
ness of said coating is measured to generate a con- 
trol signal and said tube is passed through said die 
bore at a rate responsive to said control signal. 

25 85. A device as recited in claim 83 or 84 wherein said 
polymer material is a medical grade plastic and said 
metal tube is made of stainless steel. 

86. A device as recited in claim 85 wherein said medi- 
30 cal grade plastic is a polyether block amide co-pol- 
ymer. 

87. A device as recited in claim 86 wherein said co-pol- 
ymer is Pebax. 

35 

88. A device as recited in any of claims 83 to 87 
wherein said tube is approximately one thousand 
and twenty millimeters (1020 mm) in length. 

40 89. A device as recited in any of claims 83 to 88 
wherein said coating is colored blue, for the pur- 
pose of contrasting said hypotube subassembly 
within said catheter. 

45 90. A distal tip for advancing a medical catheter over a 
guidewire which comprises: 

a tubular shaped balloon having a proximal tail 
and a distal tail, said balloon being made of a 

50 first polymer; and 

a tube for receiving the guidewire therethrough, 
said tube having a proximal end and a distal 
end, said tube being made of a second poly- 
mer, said distal end of said tube being affixed to 

55 said distal tail of said balloon to establish an 

integral bond therebetween. 

91. A distal tip as recited in claim 90 wherein both said 
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first polymer and said second polymer are a poly- 
ether block amide co-polymer. 

92. A distal tip as recited in claim 90 or 91 wherein said 
first polymer and said second polymer are made of s 
the same material. 

93. A distal tip as recited in claim 90, 91 or 92 wherein 
both said first polymer and said second polymer are 
miscible with each other. 10 

94. A distal tip as recited in claim 90, 91 or 92 wherein 
said distal tip is formed with an end taper and a 
transition taper, said transition taper being proximal 

to said end taper and contiguous therewith, and is 
wherein both said end taper and said transition 
taper have an increasing diameter in the proximal 
direction: 

95. A distal tip as recited in claim 94 wherein said tube 20 
defines a longitudinal axis and said end taper is 
characterized by an angle a which is measured 
from the longitudinal axis of said tube and is in the 
range of from about fifteen degrees to about sev- 
enty-five degrees (a = 1 5 - 75) . 25 

96. A distal tip as recited in claim 94 wherein said tube 
defines a longitudinal axis and said transition taper 
is characterized by an angle p which is measured 
from the longitudinal axis of said tube and is in the so 
range of from about four degrees to about ten 
degrees (p = 4° -10°). 

97. A distal tip as recited in any of claims 90 to 96 
wherein said tube is formed with a lumen for receiv- 35 
ing a guidewire therethrough. 

98. A distal tip for a medical catheter which comprises: 

an end taper; and to 
a transition taper, said transition taper being 
proximal to said end taper and contiguous 
therewith, and wherein both said distal taper 
and said transition taper have an increasing 
diameter in the proximal direction. 45 

99. A distal tip as recited in claim 98 wherein said med- 
ical catheter comprises: 

a tubular balloon having a proximal end and a so 
distal end with said distal end being integrally 
bonded to said tip; and 

a tube having a proximal end and a distal end, 
said tube being positioned inside said balloon 
with said distal end of said tube integrally ss 
bonded to said balloon and to said tip. 

100. A distal tip as recited in claim 99 wherein said tube 


defines a longitudinal axis and said end taper is 
characterized by an angle a which is measured 
from the longitudinal axis of said tube and is in the 
range of from about fifteen degrees to about sev- 
enty-five degrees (a = 15 - 75). 

101 .A distal tip as recited in claim 100 wherein said 
transition taper is characterized by an angle p which 
is measured from the longitudinal axis of said tube 
and is in the range of from about four degrees to 
about ten degrees (p = 4" - 10°). 

102. A distal tip as recited in claim 99 wherein said bal- 
loon is made of a first polymer, said tube is made of 
a second polymer, and said tip is made of a melt 
combination of said first polymer and said second 
polymer. 

103. A distal tip wherein said first polymer and said sec- 
ond polymer are the same polymer. 

1 04. A method for manufacturing the distal tip of an angi- 
oplasty balloon catheter which comprises the steps 
of: 

providing a tube having a proximal end and a 
distal end with a lumen formed through said 
tube therebetween, said tube being made of a 
first polymer; 

inserting a mandrel into said lumen of said 
tube; 

positioning a tubular balloon having a proximal 
tail and a distal tail to surround said tube and to 
place said distal tail of said balloon over said 
distal end of said tube, said tubular balloon 
being made of a second polymer; 
introducing said distal end of said tube with 
said distal tail of said balloon into a cavity mold 
to hold said distal end of said tube and said dis- 
tal tail of said balloon between said mold and 
said mandrel; and 

energizing said mold to melt said first polymer 
of said distal end of said tube and said second 
polymer of said distal tail of said balloon to 
establish an integral bond therebetween. 

1 05. A method as recited in claim 1 04 wherein said man- 
drel is an active RF mandrel. 

106. A method as recited in claim 104 or 105 wherein 
both said first polymer and said second polymer are 
a polyether block amide co-polymer. 

107. A method as recited in claim 104 or 105 wherein 
said first polymer and said second polymer are 
made of the same material. 

108. A method as recited in claim 104 or 105 wherein 
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both said first polymer and said second polymer are 
miscible with each other. 

109. A method as recited in any of claims 104 to 108 
wherein said energizing step forms said distal tip 
with an end taper and a transition taper, said transi- 
tion taper being proximal to said end taper and con- 
tiguous therewith, and wherein both said distal 
taper and said transition taper have an increasing 
diameter in the proximal direction and wherein said 
tube defines a longitudinal axis and said end taper 
is characterized by an angle a which is measured 
from the longitudinal axis of said tube and is in the 
range of from about fifteen degrees to about sev- 
enty-five degrees (a = 1 5 - 75 ), and further wherein 
said transition taper is characterized by an angle p 
which is measured from the longitudinal axis of said 
tube and is in the range of from about four degrees 
to about ten degrees (p = 4" - 10°). 

1 1 0. A medical catheter which comprises: 

a hypotube subassembly including a core tube, 
said core tube being formed with an inflation 
lumen extending therethrough; 
a mid-section subassembly having a proximal 
end and a distal end, said mid-section sub- 
assembly having a guidewire lumen longitudi- 
nally juxtaposed with an inflation lumen, said 
proximal end of said mid-section subassembly 
being thermally bonded with said hypotube 
subassembly to connect said inflation lumen of 
said core tube in fluid communication with said 
inflation lumen of said mid-section subassem- 
bly; and 

a balloon subassembly including a balloon hav- 
ing a proximal tail and a distal tail and a 
guidewire tube having a proximal end and a 
distal end, said distal tail of said balloon being 
attached to said guidewire tube proximal said 
distal end of said guidewire tube, and said 
proximal tail of said balloon being thermally 
bonded to said distal end of said mid-section 
subassembly to interconnect said guidewire 
tube with said guidewire lumen of said mid-sec- 
tion subassembly and to connect said balloon 
in fluid communication with said inflation lumen 
of said mid-section subassembly. 

1 1 1 .A catheter as recited in claim 1 1 0 wherein said mid- 
section subassembly is made of a polymer material 
and said hypotube subassembly further comprises 
a polymer coating on said core tube for thermally 
bonding said mid-section subassembly to said 
coating of said hypotube subassembly. 

112.A catheter as recited in claim 110 further compris- 
ing a coupling tube having a proximal end and a dis- 


tal end, said distal end of said coupling tube being 
connected with said proximal tail of said balloon 
and said proximal end of said coupling tube being 
connected to said distal end of said mid-section 
5 subassembly. 

1 13. A catheter as recited in claim 1 1 2 wherein said cou- 
pling tube is approximately five centimeters in 
length and is made of a polymer material for ther- 

10 mally bonding said coupling tube to said mid-sec- 
tion subassembly. 

114. A catheter as recited in any of claims 1 10 to 1 13, 
wherein said hypotube subassembly is selected 

w from a plurality of substantially similar hypotube 
subassemblies prior to being thermally bonded to 
said mid-section subassembly. 

115. A catheter as recited in any of claims 1 10 to 1 14, 
20 wherein said mid-section subassembly is selected 

from a plurality of substantially similar mid-section 
subassemblies prior to being thermally bonded to 
said hypotube subassembly and prior to being ther- 
mally bonded to said balloon subassembly. 

25 

116. A catheter as recited in any of claims 1 10 to 1 15, 
wherein said balloon subassembly is selected from 
a plurality of substantially similar balloon sub- 
assemblies prior to being thermally bonded to said 

30 mid-section subassembly. 

117. A catheter as recited in any of claims 1 10 to 1 16, 
wherein said coating of said hypotube subassem- 
bly, said mid-section subassembly and said balloon 

35 subassembly are made of compatible materials. 

1 18. A catheter as recited in claim 1 1 1 wherein said hol- 
low core tube is made of stainless steel and said 
surrounding coating is a medical grade plastic. 

40 

119. A catheter as recited in claim 118 wherein said 
medical grade plastic is a polyether block amide co- 
polymer. 

45 120.A catheter as recited in claim 119 wherein said 
medical grade plastic coating is colored for the pur- 
pose of visually contrasting said hypotube sub 
assembly within said catheter. 

so 121 .A catheter as recited in any of claims 1 10 to 120 
wherein said thermal bonding is accomplished by 
the use of radio frequency (RF) energy. 

122. A catheter as recited in claim 121 wherein said 
55 thermal bonding is accomplished at approximately 

177°C (350 degrees Fahrenheit (350 °F)). 

123. A catheter as recited in any of claims 110 to 122 
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wherein said hypotube subassembly is approxi- mately 1 77°C (three hundred fifty degrees Fahren- 

mately one thousand and twenty millimeters (1 020 heit (350° F)) . 

mm) in length. 


124. A catheter as recited in any of claims 1 10 to 123 s 
wherein said mid-section subassembly is approxi- 
mately three hundred millimeters (300 mm) in 
length. 

125. A method for manufacturing a catheter comprising io 
the steps of: 


manufacturing a plurality of hypotube sub- 
assemblies, each said hypotube subassembly 
including a core tube, said core tube being 15 
formed with an inflation lumen extending there- 
through; 

constructing a plurality of a mid-section sub- 
assemblies, each said mid-section having a 
guidewire lumen longitudinally juxtaposed with 20 
an inflation lumen; 

fabricating a plurality of balloon subassemblies, 
each said balloon subassembly including a bal- 
loon having a proximal tail and a distal tail and 
a guidewire tube having a proximal end and a 25 
distal end and a coupling tube having a proxi- 
mal end and a distal end, said distal tail of said 
balloon being attached to said guidewire tube 
proximal said distal end of said guidewire tube, 
and said distal end of said coupling tube being 30 
attached to said proximal end of said balloon; 
selecting one hypotube subassembly from said 
plurality of hypotube subassemblies; 
selecting one mid-section subassembly from 
said plurality of mid-section subassemblies; 35 
selecting one balloon subassembly from said 
plurality of balloon subassemblies; 
thermally bonding said hypotube subassembly 
to said proximal end of said selected mid-sec- 
tion subassembly to place said inflation lumen w 
of said core tube in fluid communication with 
said inflation lumen of said mid-section sub- 
assembly; and 

thermally bonding said proximal end of said 
coupling tube to said distal end of said mid-sec- 45 
tion subassembly to interconnect said 
guidewire tube with said guidewire lumen of 
said mid-section subassembly, and to connect 
said balloon in fluid communication with said 
inflation lumen of said mid-section subassem- so 
bly 


126. A method as recited in claim 125 wherein said ther- 
mal bonding is accomplished using radio frequency 
(RF) energy. 

127. A method as recited in claim 125 or 126, wherein 
said thermal bonding is accomplished at approxi- 
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a A^ frft (CMS MS tltHkm BV'Sff Effit 

t^^^tjm^ < * *} , wm&mimbtLZ fc 

ft. tfc, #4 L<(43~~8cmT& 

[0018] *|gBj3tfc(t£IM?L3 a(4. ^CDiijPffi 


/hS^fcSff^lft^lEt J: DMlWII^MJfllfLS 
fcf 9 o <, vc ^fL5 0 & ffl t" ^ ^ ^ . i 9 

0° i:y±^^i;*T-T^&ftrttffAt-SStMJM 
?L 3 a ^'jfll^Sr «o (t § fc ^-ft** S) § comm? § ^ 
l\ i<7)^ffi(±, ff^L,<(il 5-60° -CfcO, ±0 
ff^L<{±30-45° "Cft*. 
[0019] *^0fltfcvvt(i. IM7L3 a*«S,SfiB 

^z>zktfi&mT$>&. mi (c ) (d) (e)ii, * 

tl&l, 01(a) f'^LtA-A' Bfffl, B-B' if 
If. C-C Bffl^LTfcO. 0*t*TO«om 
/P-^ y 2 t dlfiL/P- X y 3 ^'tk $ tlX ^ !> . 8 
t±. HliiLfL3a#J,SfiSo*T-T^*ft«BfrS»J; 

HI (d) t^^^TV^.idtjSJflL't'-^y^A^ 

0. 2-lOcmiiMK, l~3cm**J:"5a*U 
U 0 0. 2 cmiDHHt. Ml?L3 aAijfll^lit^(f 
0o§S<=5:S)tft. m^^SS, 10cmj;DI 

[0 0 2 0 ] JS@gf57ii, ±IBUd^gP8 J: 0 
HrfflR^A # JtWf J: < # (c towmimfe Zti%^ 
■ifi. ff4L<l4n^-C*0. Mi. if Ell (e ) 
tv^i^t. jiJt;P-^y2tflfiatT^7 : — f;p* 

* 1 1 m tmrncomnb m 9 1 ± 0 #p3?e«t^«uf 

cfc^» 4 ?t JiiiJi^-^ y £ i 1 1 i 0 MESS 
7^«J^r§^ttt'^l» 0 j£S3l57^Si:UT(4, 
0. 2-10cm*5KL<, l~3cm3&U0a* t 
l\ 0. 2cmj;i5ffl^fc. 3fi«*«< J Sr 1 5. 10cm 
i 0 ft < 4 § fc WSdftA^ft < «r § /iftSS^ S 

[0021] mms t . xttx 05tsfi«j£g^7 1 
*x-x^*fri«ft^^^urm^ 

-^>3OMjmfL3afc|5lilt5-90 o 

h i. a W^'if 4 L < . #t 3 0-4 5 * CO^SS: 

[ 0 0 2 2 ] 0 1 ( b ) 

[ 0 0 2 3 ] 02 ( a ) ( b ) (4. *^§HJ!<Dfltl<DM^ 
t fc^) -Cfc >9 . * r-r/P** 1 7 WflJJffit 

iiii/i--^ ytats 3{Boiija?L«?L2 b rsitti. 

[0024] 03(a) ( b ) (4. *^HJ5offi« 

M^/K Ltz fc A\ BM/L—.* y 3 C0BJjfll?L 3 a 

ML(I?L3 b* 1 MmftzbWbZ. Z<7)ffifl3b<7) 


'■(A) 00 1-340466 ( P 2 0 0 1 - 3 4 0 4 6 6 A ) 


[00 2 5] 

( ^ f -f-zHW L^Jfli^^tf 0 fiCft ) 0 5 to i -5 

§0. 0 2mm^'JXfl/>«?)7<;^H=5;Si 
4 )VJ»frt>*£&n 1 1 g& J; 9 ±?MiJ«S€f-/i,M«f- 

1 0 COg&ft £ , MUL 3aJ *iM?L 3 b tftf U 

x^-yyK^y^A^^ffil lgStfiltSio 

Mzfclftm^ 5 0mL^l&&£T3 7X:<7)*l 2 
^*>7° ( H«^*^aSffl5tB P -21 B ) 13 lZX 

-7" (^IEf4I««S^±») 14£ffiM£^, (ftiAL 
j^DCS-26) 1 5t?nmz*T-7-iW*£iffi\1-l 

m {mm i^-f-x-s&xomm (fe^a 

fBHfS^FJfSM^GPM104Nl4) 16*K>3ft(t, 3 

)vj±frh%m 1 1 iz^£n^<m^m\mm&L 
[0026] mmm 1 

0 1 <o j; -3 u ^ y ? yi!«o# T-r /p** i 

3.7mm, *§150mm) t^hfl^*^ 5 ! 5 (*tf£4iM, 
SS50nun) t*^5rl>^"7";t//l/-^ y#f— rrt-t\ §i 

jfiL^-.* y3<7)iMT L3 a f— t>Mk# l 

T 3 0 ° ^S^fl-f^r77^t/-^< y*T- TJl^fP 

[0027] mm\2 

14 « i a >*0*f-fit* 1 

3.7mm, 4|£l50mm) fc #c5-f-g|5cD 2 ^Ofi^S 5 W@4mm, 
it^SOmm) fcjEp&fcS^^-^ytf-r- tV^C, IS 
JflL^-^ y3cOflM?L3 a f— f-^*fr 1 <7)^U fa 

(c«tT3 0° c^s^L, Brffl*QsjiiL/p-^y2flD 

^^m«««fil?8 & 1 5 mm t I , &gg|58 tj£ 
&a$7fcfDJgB{±. *T-T^**10^#il6lt»L 
T 3 0 ° f#SJ££#U iiJfll?L2 a^SMBJKfr^ 
t9mmStfl 5mm«filtlg3mralgl. 2m 
m^ffiRS^tllJ?L2 b §■ 3ffi£(t, IMUL3 a J; D 3m 
m^OTJFMtSl mm^Rff^f|lJ?L3 b £ HBTTS^ 

[00 28] itJRWl 

0 6 i 3 u ? v * y^tfo^r-r^** 1 

3.7mm, j|£ 150mm) fcfttfhgPO 2*CDK^5 Wg4mm, 


J|£50mm) t^t^l>r7";I/^-^yX?f— tV^C, il 
ML 2 a A^SgEffl^lPl^oT 9 mmM" 1 5 mmOfi 
gfcg&3 mmgg 1 . 2 mmOfif P3S<7}lJfL2 b 
MJfllFL 2aW SMBJKft^ T 3 4 m m , 4 1mml 
J/4 8 mm<7){ag<7)ML^-;>4 yflJfcJijlS 3 mmlg 
1 . 2 rn m COffiRg^iifL 3 b * h ff)V)V-A y 

[0029] mmmi , ■mm\2Rmmm<nyyjvn 

Vi) y—r-Mz-o \, ^X i) -r—r /WiTLsOJJl^fi^if 
Otf ^Itf^To^, ^tl^fx^S2 5 0 mL/m i 
n coH#m f -r^t^f t % <nm\B£M%. 

Ltzb^h, itmnmT~f-M±2x 1 o*Pa« 
is^iet"* -r-T/w^fi' v^kw* mm i 2 

^f-f/Hi2x 1 0 4 P aja±«0iR5[E*±JfT<) 
* f - TiVifiy 4 )Vl+ [z^if r)-o<Ztte%:fr~>tz 0 
[0030] 

mm<?mm ^mizxtiu, m^mmw^m 
wimztti imiwm* msut»>x t , ^ r- 

jEJtts-fl^Rjettt: ixmmmizi-i z t x\ * 

[Hi ] *^c^^7";i/;i/-^y^r-T^o-W^S 
t^H. W^M^MRUA-A' , B-B' , C- 

[H2 ] *^tf0r7V^-^y^r-T^«ffi<?)MSr 

[H3 ] ■itf&mf'fA'Ar-* yXT-r-frcomcoMi 

^tmmmwmnwmxfo t . 

[04 ] ^^io^^'V^-^y^T-f-^^ffi^MSr 
[05] ^mmzti tfht) ■f-T/HIJ?L«JDl i tS^if D 

mmm>±T)v?t^tmmmxfoh . 

[06 ] {^*«^7";i/;i/-^ y^T-r;^— 
^0SV'SgP^ffi^0T* s . 
[07 ] ^*^^'7'7^-^y^f--T/^ft!l^J^S 

[08 ] ^*«^7";^-^ y^T-TJi-co^coM^ 

1 ^-r— r/^fr 

2 jUflUU— ^ y 
2 a ilJfll?L 

2 b 3afll7Lli?L 

3 i»;i/-^y 

3 a IM?L 


!( 5) 00 1-340466 (P200 1-340466A) 


3 b IML?Lffi?L 

4 #7—7-frbmm®& 

6 a jJMffjm^- 

6 b ilMi^^^^- 

7 JSggE 

s mm 
9 mtv® 


10 Jg€t"-/H[0^-7' 

11 !i?uxf-u>««7-f;^*>fe=3:41S 

1 2 * 

i 3 -fyr 

14 mftms&mz.-y 

1 5 g^ffl^yr 

16 mm 




[02] 



!(6) 00 1-340466 (P200 1-340466A) 


[03] 



[H5J 



espacenet - Bibliographic data 


Page 1 of 1 
B34 


Espacenet 


Bibliographic data: JP 2001172848 (A) 


8SODEGRADABLE ARD Si^PLc CIRCULAR KRA BAG 


Publication date: 

Inventor(s): 

Applicant(s): 

Classification: 


Priority number 

(s): 

Also published 


2001-06-26 

MIYAMOTO TAKETOSHI + 
MIYAGEN KK + 

international: 
- European: 

JP19990353566 19991213 

JP19990353566 19991213 

• JP44GG972 (B2) 


Abstract of J P 2001 172848 (A) 



http://worldwide.espacenetxorr^publicationDetails/biblio?DB=EPODOC&adjacent=tme&. . . 5/1 8/20 1 1 


(19) B#!fl#ffFJf (JP) (12) & Hfl ^ f^F & ^ (A) aDfttttfWftM** 

#IM200i- 172848 
(P2001-172848A) 
(43)&BBB ¥j£13*p 6 £26 B(2001.6. 26) 


(51)Int.Cl. 7 



f i f*v*-r(*m 

D0 4B 1/16 



D04B 1/16 3E0 2 3 

B65D 30/04 



B 6 5 D 30/04 3 E 0 6 4 

65/46 



65/46 3 E 0 8 6 

B 6 5 F 1/00 



B 6 5 F 1/00 J 4 L 0 0 2 


1 0 2 


1.0 2Z 




»3ft8©»3 OL (461) B*jCi3R< 

C2l)tHK#*» 

fflMM 1-353566 


(7DWKA 598018937 






13 B<19 

99. 12. 13) 





(72)»W# St5 S5;# 




S#*g£?fTULlJ*7^15#ffl!3 








(74)ftHA 100076484 










(54) [*!H©£IM 43ttMHElii*Jre« 


(57) 



!(2) 00 1-1 72848 (P200 1-1 72848A) 


nmm i ] mitvAm±wfrt-Mz>mmm 1 1 . z 

^SBS! 1 ^S§f!^£«±£S^ LfcSJKgP2 1 
i«Sfi^2*\ SflBSlwSSti^toS^EtfLT* 

^ i z t \z i. o mm i «ssa5&i§*« 

fc^flfttfBJIAIi^SL 

iMBttltJBSfeif J ixf/^ffcS; fc 5r#®fc Lfcff 
*Jf 1 fB»«£^»?eff J^»eL 

[ if *if 3 ] sua; 1 vmmemwmmkmi 1 
tzmximmizx mmm^Kxm&mmm 

ZtlX^&ZtZmmtltz 11*11 1 i fill *ijf 2 is 
[0001] 

[00 02] 

rnix&*)* 4fc, f«gffit'*i)ti^*^, mls 
<nx\ i mmm\mmz> izi>mv^\ 

[0 0 3 ] L j L 7 " m I ffltffi: m r ! < 
£ ff L±(f £ feU fc *o T v^fc 0 

[ 0 0 0 4 ] jgt t fc , mMcommni . # y xf - u y 

xM^fvf^^mzmfL. mm. sflo£=f 
5 commit nm-th % z<mm& ~> fc. 

[00 0 5] 

mz±m<vm m&#$> -otzzt kzm^x^titz h <d 
x\ mmmnfe < * < max-tMp^mm^ -ft 

[00 06] 


mmzmkthrztnz mi mmfrh&hwm 
1 1 , z\ nmm 1 nim<?mm±zw& uzmm 

2tfrhfch%mWAX'fc->X. i^Sfig|52*\ 

m 1 (osatt^wKwi* frc* s . mmmm 1 

b^S&J; 0 i> J« « L»5 - fc 

9 . 36*0. rfi^sBai 1 (nfflSLfc&ivmit&w&ft 
wm%=f-*: s-xxv ^ fc n 3 sffifl^ss ffffl t fc . 
[0007] zzx\ m^<?)± 

XMm^zmZ ti. ^»MW4Ml:l 

mx"fomft=tttm^o ^xh 0 , 0 
Situs. mzm&tiii>cox-\±%<. mta. ^'Jx 

fiWTffSjJf J - 3 - 1 Fo^Aij h , #1; - 3 
-hf'nJfy/fl/-K ^'J-3-bWy*7n 

u- b^comm^v xxf/^&#if £ i fc . 
;^L^«o#tt* fc«iz«W±§ffi^L-cffifflt-|. i fc^ 

[0008] 

[^Hj^is^^ffi] OT. ^mmnmmiz^tm 

[ 0 0 0 9 ] m 1 ^t^Ht^JB^iMS 

) t'^^^WDa'SSfcL-Cift^^flT^ 

[ 0 0 1 0 ] ei i m 1 T^^-rs t wti, 

mm l rtifiSM^i u'^ n iiUm&l "-Sit 

fftt&^fc^Uxf-vyt?-^ i/*- h jfe ( EftBf^ 
rh"^-y-ix #1000j , 11*11 

4<C ) STUffliKSmKI W:I«SMAW 

zumtxa*). zvmmMivmnMion. f^iixm 
0 Lfc^«tt*° 'j aim ( * ?^'^^«i*^as 

[001 1 ] HI ck flrf-2-C^^-tSt)W(i, *Hft 

^ Lmtmmm& z mmmi l 
xmmm 1 ^m^)^.mm±m*m&Lxm^tix 

-h*^') ifffl 1 H f !irli^fc^^MA\ S 


!(3) 00 1-1 72848 (P200 1-1 72848A) 


^L^nt^zx -ox mnm 1 ^sm<^±im± ( # u 

fc LT£4Mf?tt£ffi;tfc:tf U xf-v >~tf ? y*- F 
(SIMS) #3000 j 11*95*0 ^SfflLT^S. 

J§*@£tTSJSf52^«/ttTl^W. ft*<9»ft 

* ffift-f I. i t £ <nxhh . 

Sifct±^T@S;i?G2£ffMt.T^I><7)T\ infill 

MSB 1 «^Sfi£** BE 0 H^IIMfcLfcfctfifeMtfSUHS 

[ 0 0 1 4 ] 4fc, *^ffi^ffl^44MSttlfSAjl*fi 
H(i. S«m£*^£«^feB£t^&2£»j£ 

m'm^Am^mncommm 1 isl-ovc 

flf*lfc*#ii3fitt LT I, > S COT' . ISM^t J; § # 

[ooi5]«i, ±mwmxii. zmimiz. 
mmm 1 ^^^^ihi±£ j&fc-g^jss-frs - 1 & 

<, H6^t-£3(^ Sfi^lcoSI^£*£M« 
tcJR5R$^m^i§**(cJ:D^*»^LTSJSgP2 

&ffMt-sj;3ttTi)jiv\ mm 1 «0 

[0016] 3|sj|fl9eSS^4MSttflif«AJ|^H(i. 
[0017] ft. El 2 t^-f-J; a JHtto>tLa^« 


[0018] -irLT. H3t7TT-fJ:3(^ 

mxti^mxmmm^M^simit-^Lib^z 1 1 ± 

[ooi9] gssm. S3 ^^c-cji^-f «. £ a 
t , - «?«*&m iztz mat^mim i xmmxw 

^AS4tf!^^)ti.ssHgi5 1 1 . z commm 1 

^*Ti«#jg£LfcSffi^2 t a^jjgSffi&fcJ^g 

[0020]<I<OJ;5^ *®SrBffiO^»ttS^A 
M^H»iiM;l:.?.-.-"C{l *mJtK<9l-JtM 1/ 

m&Mximmii Lxt^mmth^x. mmm 
wm%.T$> 1 1 mz . MS^t^aii s ^t^Am± 
mfrmmzx^cy±fimm&%Mm^uiWM-f 

hZb tfX' S S cot" , ^fBttffi^AS^S S3»*Wt 

z b . ^jmm±Lxmmm^fi 
m^m^zim-ti z b mm^coxh & . 
i o o 2 1 ] nmmmmcomm^mzh^x 

&^%zbt£< mzmusbit %>£~> izixmm 
•vmafeLxu&ifi* ztiwmziiz, hnxm 
< . m 5 iz^i-x o t . jmtm f co^rs^mmm 
izimmtx®m&MX'®mm£i-& z 5 1 lt 

[0022] 

*wmzm^m\m%Am&m\zh->x\t. % 
m^.mmm±mm^xmmm^Lxmis:3ms& 

LX\^?)X\ «*WS«3"SS«J; o iz^rSPMfrlb 

mssm&-mf^iyrb i>mmz$mt& z t vx 

[ 0 0 2 3 ] ifc, *%3J!o^»ttS^AS^S(i, 

<ffiBi^O^*^^SDl»j«Hf i fc t= J: ixmm 
iffifSLZtiX \^h<nx\ Z 0y3ffi&*m$L LXUh&co 

msmzi mm&Tm^w^ti mmri ztm 

fchtmmMmm^mi$&mmzm&hvx\ m 
»t±^*« o 3" 5 m*m?t& z b ftx-* h . 

[ 0 0 2 4 ] ^ fc, *?|HHi7)4i^Sttffi^AS^S(i, 


'■(A) 00 1-1 72848 (P200 1-1 72848A) 


[0ffi«ffi*£i™ 

mx'hh, 

[02 ] lU^Sttffi^AS^ScoSB^^^-tSB 


[0S] I t" "n R+l 1 1 ' , - > T 11 ' 

[04] IsI^SttM^A^^S^Sit^S^^Sit 

SBXg0T"*S o 

[06] ^4MBttffi^Ail»S«flfi^IBS*SS:Srr 

1 «§e 

2 &m 

F AWiiffi 
M 


[01] 


!( 5) 001-172848 (P2001-172848A) 





!(6) 00 1-1 72848 (P200 1-1 72848A) 



(5Dint.cu mm^ FI 

B 6 5 F 1/00 1 0 2 B 6 5 F 1/00 

D04B 1/22 D04B 1/22 

F 3E023 FA03 FA10 

3E064 AD03 BA21 BB01 BC1S BC20 

EA22 FA01 GA06 HM01 
3E086 AA23 AB03 AD01 BA04 BA42 

BB44 BB51 BB71 BB90 CA40 
4L002 AA07 ACOO AC05 BA01 DAOO 

DA01 EAOO EA02 FAOO FA10 


espacenet - Bibliographic data 


Page 1 of 1 
B35 


Espacenet 


Bibliographic data: JP 2003037632 (A) 


SYSTEM AND METHOD FOR ELECTRONIC WAH. ACCESS 


Publication date: 

Inventor(s): 

Applicant(s): 

Classification: 


Priority number 

(s): 

Also published 


2003-02-07 

TANIZAWA HIROTAKA + 
NEC COMMUNICATION SYST 


international: 
- European: 

J P200 10225287 20010726 
JP20010225287 20010726 

• JP 3730888 (82) 


G06F13/00; H04L12/58; H04M11/00; H04N1/00; H04N1/32; 

(IPC1-7): G06F13/00; H04L12/58; H04M11/00; H04N1/00; 
H04N1/32 


Abstract of JP 2003037832 (A) 
PROBLEM TO 8£ SOLVED. To provide ■-: 


K//worldwide.espacenet.com/publicationDetails/biblio?DB=EPODOC&adjacent=true&. . . 5/1 8/20 1 1 


(19) B#!fl#ffFJf (JP) (12) & ||f] ^ §^ ^ fjjf (A) (ll)ttttti»&H*f» 

#IM2003 - 37632 
(P2003 - 37632A) 
(43) 4ilS B ¥J*£15^ 2 j J 7 13 (3003. 2. 7) 


wmsm f i r^-r(##) 

10 0 H 0 4 L 12/58 1.0 0C 5C062 

6 4 0 C 0 6 F 13/00 640 5 C 0 7 ii 

3 0 2 H0 4M 11/00 3 0 2 5 K030 

107 H0 4N 1/00 1 0 7 Z 5K10 1 

1/32 Z 

H3r!t^ M^mome OL (£7 J© 


(21)ffliH#^ 

&&2001 -225287( P2001 -225287) 

(7DHMA 

000232254 





(22)aiiflB 

¥^13^7 n 26 B (2001./. 26) 


*Sa*RHffllT14#2W 



(72)f£W# 





««IEiSE3ffl-T@4#28^ B**» 







(74)ft8A 

100114672 










(54) %¥*-J\,79±Xi'X?i*KStt*-W79±X}ife 


(57) 

[US] FAXS.y«^€fS«^^fflfflLT. E-ma 

i i vmm&ftt-mmfr'-Mmizmmth ; t #? 

*1 0 fc*#€IS«4 0iFAX^yXfA20 
SSRSft. 4 b2 OO^UE-ma i 1 

-if-ASOtJi^fS^a^E-ma i lyXfA5 0 
fcFAXffi^Xf^2 0fc^'SM£:fU FAXaj^y 
^fAtll. E-mai 1 HfwS'OFJtSE^— f^ti* 


(51) IntCl. 7 
H0 4L 12/58 
G 0 6 F 13/00 
H0 4M 11/00 
H0 4N 1/00 
1/32 



(2) H2 003-37632 (P2003-37632A) 


imsmmm^m^imm^t, faxsa^ta 
1 7 y b & 7°nv \A y^mrf-^ ~>v*r~ 
wm.(?mi-*-m-)st, friEFAxai^vxf-A 

y , ff ia-KSSr flii 2 -^ —/i- 1 it mi an 2 0 7 # ^ > 

b I3£ftt S #15 i: . liffi-^co ^ m IB J— f *« 
MR L Jt«^ -;U9|*|g£ iff E^-if #^5&t £ F/f£ 

[IISII2 ] firlE-ftfltf^ iJ«3r< bh. KTiam 1 «0 
T^ybfc&flSti*:*^-/^^ hfUt, 
corns*? x ->i {zttm-mxwmz tuzM t m t . 

F A X tH^j & ftSi-S *^a»*i*t1Jrj£tf>V-;& t #m 

^fiiit m &ttimtm 1 ia«««^-^r 

?-teXyXrA 0 

[ffc#H3] HuiEFAXifcJj^XrAfc, FAXtK^Sr 

zti¥mb?i ifsif i xit 2 eiEaorax -^r 

[ff*Jl4] mffEFAXEfc^XrAfc. mlElgliOr 

*vyf mm tifcn?* ->un*fr ^ mtEfi^s* 

t-Sff UcfufE-Kfl^iifi^ -/b^il^f t . 

fuiaiifi^ -!^mm-wm<o*frt>mm-?-* * mm 
Lxftm&m i ?*~)vz$i&i-&^&b. mmm* 

-)V* iznX^tii-ziH.fj^mth F A XS*<7)#^-2r 

wath¥^t imi &zb wmt-tzwnm 1 j® 
3 w ^-f ix^-ti aa^t;^ -;i/r?txyxfA „ 

[|f*II5] fifEFAX^^XxAt, 1M§S«£ 

m&b. mrnmfrt>mizti&mn*3fiu mm- 

-^SrfflfB-f-S^at, a^£#M-fSFAXS*<7)# 

A 0 

[|f*JM6] tulEli«*^. if^Si. PHS. * 

-/Wt&gfHW8£*'t4 7- bS^y rjyxfiPD acd 

v rftd^fr h % h z b mm. b -t m $m 1 5 « 


7° nv H ?cvm?ji -/Hfw < i: , ml E^-— f ifim 2 <0 
b m mtl& F A X yXf A Z'fo o T . 

^FAxaj^jyx-fAt. miESi^r^vybtMfi 

L/tlfrlE^-Y 5#Sfc, 
BulE-K*^€^-^t LTmlEm2or*7y bt 

Ucm^y -;K0rtS & rnlEi— r^st SBfScO F 

Axffi*tai7]-ri.#©t&^<tt#i-^>it^^ 

Itt-r^FAXtBTjy^rA. 
imWS] firiE M<H, Hir4e*1^ 

F AXtti* *imth &Gfr£iFrTi9ig.<?)'?~ir b im 

z b mwib ?&m& 7iaa«F Axajy 

[fft&B9] FAXtti^&#St-|>«^-/^^& 
;K= 7 r >f S ^ 4 . lulE«^ ^ 

t isneasft 7 r -f /uofig t j&^-g-s ^ >f ^ - 

y'i^S *IS i b Sr "tS If *ifl 7 X(i 8 (cfEtfj 
<7)FAXffi^)y-Xf-A 0 

[fiissi o] st» tuiami^r*7>'bt3ifiSix 
m.<om.m->i*mft\-thm%b . mmm*->vm\ 

ftl-'^) l l' TOHd 8"! L "C MtE-t S'4i#y 

-nmm-i-^^b , friEMt ^-7b+t»A^^ 

tgtOFAXajTjy^TA,, 

[ffScJBi i ] jet. fria«ig«&^tTF^wmiS« 

mznm h mm i * ->v & a a - t «. # s 
aj^*#a-tsFAxss*«o#^-&sffi-fs#sfc 

§ Cl t * smSftSif^S 7M9W ^A^- 
tlBttWFAXaj^^TA. 

2] mtsa^tT. faxs*l 

-^MSff «gg£ fix ^»^ffi* t . F A X aj^j 
At^fS^§#i, 4 y YmZitLX. i-fj&J 
1 0)TH*7> b &«*t--&7°nvs'y ^^^c-;^ 

-At . fffiE^-— r*«^2 tor* b •smms 
mis^tttom^-^-^f:, luiaFAxaj^yxr 
a t mm litix^hyxT^m^tzmT^-ivr? 
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liHEFAXJiJ^v^'rAttiV^, HUlEJSlcOT^y 

hx^-yrt, atHt^tuiE^^ 
zimthXT-yyt, mi-mmzm=F*~>i-k lx 

m^-^m^-t h m&> f a xsg*t aja-ts x ^ .7 
7° fc £ < fc t> utr-r § itJStt x 

[|f*JI 1 3 ] frlE-Kflfc , 1 & N fmsis 1 <z> 
7#vyMcMfi$ft£€^-/K9;M K^fc. 

tft&zt mm £t&mm 1 2 lett^m^ r 

[ff*3fl4] UlEFAXaS^^fAtltJ^i:, FA 

x tax s jfta-?-«. -A-^wg* f a xmizj * - 
i&s&t&AT- v r£# u mim-x ~mz 7tAji 

tfWitt 3 fvo * 4 . ffigMfr* -/KO** t MIS 
ififf 7 r >f /K^flgfc ^M-nLt^-yi LTFAX 

ajA-tsitswat-tifiwaBi 2x^1 3{ciEm^ 

[tiMl 5] fflEFAXtiJ^^XTAtfcUT. HUlE 
XfyTt , tufEMi^-^OfilE-K^^^^BUfE 

-?-%mMixttmin=F*->i-zMft-rizT-y 

7°b , fyiEMi^-A^ff A$futaj^S:#a-t5 F 
AX*5fo^)»^*«iaj't4X-rv7-f:**t*;fc*1* 
fifc^WIl 27^1 4cOV^ft^-tcfE«cO«^ 

[|f*Jfl 6] UiEFAXas^^-rAKti^-C, tfriE 

stss £^ ltfjt r ? * * -rs i-ir* 

gSIE-f SXr>y7"i: . fMf£«A>£>i*li£ft£fl^£$ 
ft L. tfflE-KS«*^^Hydfr,"!:^.i£tSf)IEML 

fclfSfc-f SiMl 2JM 1 4cOV^-ftl^-tfEa^ 

[0001] 

f a x&# biots* m^xm^x -wmtim-t 

hZb Slf^-^7^tXyXfAMt^ 
[00 02] 


SraX-rt. (lilT. E-ma i 1 t«rf) ^Wlltl 
( 1 ) PDAS*&fc'«}§^ffi*£ 

-mai l^^yn-FU PDAS* 
fciTCWB-tS . ( 2 ) HAflE-ma il7*7Vf 

^BtwmtsMttE -m a i i mm-tz j a tiss 

1 . immmmxwE-ti . #o*a^' t h nx \ ^ . 

[0003] 

mmmmtx obi-mmi ( 1 ) 

<07fffic9«-£ti;L ry_j. PC . PDASg*&fcV>8& 

PC, PD A^*^r t"^)iiHSi*^S*> at/ ^ 

Wo j , ry-hPC^Ayf i J-*k* s H^^I' 

[0004] -JET. ( 2 ) £0*ffitf>*&tl4, r E — m 

a i l l^TJ.H^ 1 I iniiffl ; i»,7 - ' >':Ih 

ft t i 0 Sr^-f X<7) E - m a i 1 ^HtgT"£ ^ 

Pi« o . J: r,xnikm^-!i<vmmm± 

[0005] JJHIBBaSt«»T=SrS#ifct> 
Wlnt, ^tf)±fe«BW{4. FAXaV^miSa 
^flJfflLT. E-mai 1 ^WSSjl-ajfttltflK^ 
iHIKilig-fl) - b ^"t"# ^ -;t-7^ -feX yXf 

[0006] 

[ Pain-r h ttfxmm ] ±ie g mmfrhtz 

Ji^ffi*^, FAX^yXfAJ:«$^ >f 
-^yhffl^LT. jl— Wl£07*7yh&M 

2 cor* ^ y h * s ^mts^acom^ ^ 
-^t. friEFAXffii)yxxAt^«^$^r=5r§i: 

^-^^■bXWfAt*-)T> miEFAXffi^y 

xtacii miemi«r*^ybt3*ff$^§as« 
tfrlE»4«€^-;^ 
h;^«iai-fS¥©fc. ttajL/itufE^^ 

tTBulEH2t07^^y htMfft-S^S 

/U0I*J££ HUlE^-^^£t-i.FJf5EC0F A XS*ttH 
^Tfh^m.b^ti:<b^thh^Xhh„ 

[0007] ^BgtfeuT, iriEHesttt, ^< 
f:«>, MfESicor^^yftiiff^^m^-/^ 
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9 a hjut. ^miim'TJ-Mzmm^wxmm 

[0 0 08] ttz. t^miZti^X. IfrlBFAXtU^^ 

tttummy r a jwpmt nm&ztik4 x-v 

tLZF AX\£^tl&C\h.i>m±LVK 
[0 0 0 9] £tz, tfrlBFAXajl)^ 

F A X3S*co#t * aaj^S #13 t &ffi§ * h <fgj£ b 
[0 0 1 0] ifc, *^B(C*JV>"r, fulEFAXffi^y 

l»fflEat#^«^-;HrtttfJ^I»#Si:, tK^Sr 
%mri F AX»*tf)#t£5fitS¥ai: 

[ o o 1 1 ] tfz, *muztmx* mssmsfctf. 

Si^ y r? y X(i P D aco v vf*u&»-3&» <i> i t # jj ^ 

[0012] *f£BJl^F AXft^y^xAfi, «|g|B^ 

^lt. FAxs*t, m?x-iv&%mm$mit: 
mmxtimiiti. a m^alx. 
•was 1 ^r* 7 y h rxvu ywvf-x - 
/Hf-; t , frt s^—^y/m 2 y h & flarr & 
«^mis^aom^-^-^>fr^$ixi, f Ax* 

1 ff)TA v y b tMis ti& mwn? x ->v%&®t 
5 #s t . tiriEitacomi 1 ^ & ? 4 h /i^ 

ttftL^mfE^ W^H^rs-Jt 
H£tf*tl>#&fc, frlE-KH^€^-^i;LTIu 

iE®2^r*7ybtiifi-ri>#st. frfE-ne^t 

•W^S^f § F^£« F A X3g*£ aj^-r § £ & *J«5: 

[ 0 0 1 3 ] & tz. xmimwrx-frTrisxffi 
a. mmmziYi-x, FAxs*t, n=F*-m%m 
mmzmuzw§mMt. FAxsj^TAt« 

7 y h ^im-fh ru) u yeMFF* -Atr-; it , m 
2 7 # 7 y h J*nf«fS£tto 
friEFAxffi^y^rAt^»s 


fcot, fflEFAXfil^yxf AtgHT, lufEffil^ 

7# y h t Mfi£ #i £ SiE^m^ Sfi-f 5 x 

^f'/Tt, HulEaScO^^-^tO^-^^^^-Y F)V£ 

mm&3---?ii ! m%t&m%.ff> f a xwz^th 

[0014] t^b*>. Ml tiJ^T. fflAT"OTLT 
WE-mai 1 Sr^ffi*T"«fSt-|>*afc Lf, »^ 
miS«4 0cOE-ma i lUf^ftJffltT, jSAT'fW 
LTV^E-ma i 1 0X"SftL^E-ma i 

1 cO^-f h^-KS^»^«fg«4 0^E-ma i 1 

bLxmmtz. ftiti^mx^zmzifz^Mis. m 
^mis^4 ox'%mi?z?A b)i-m.m^^cottmm 

X->VblXmmi. FAXblX&j]Uz\->E-m& 

FAX«*10<0«e»t*#4LT. E-mai It 
LTFAXaj*^r^2 0tiE©t4. FAXffi^y 
AfA2 0ll V-^&#4§tl^^-f bA-StoE- 
m a 1 1 £7)*^;^ F A XS* 1 0 t K^J-f-S t <DXh 
h. 

[00 15] ttzte. E-mai 1 tiSjUfSffi) 
-f, E-mai 1 CD? A h Il-Mz? A b^*fit# 
4S*ut, El*#^- (tzblimm) S«S*vb7- 
^ 1 0 OSr^itFAXffi^yxf A2 OtT'/xa* 
^yft-tt'fgSL, ^<7)f*, ffi^OFAXS*! 0*50 
^6#-f-S:^^tSittJ:0. I»E-mai 1 <7) 
F A X«* 1 0 fcaifrt* t>«0?&6. 

[00 16] 

yxfAii ^^f^Lv^Ms^jtfc^T, mis 

?--yh<7-^^^LT, FAXS*tm^-^MSfi 

ra^fc^^isat f Axaj^yxf-At^ff^ 
-if 2<?)r* r >yb^ ft^rt 5 »^€ts^ao e - 

mai lyXfAL flfEF AX^^X^AbfmW. 
ZHXmf&Ztl. FAXaj^yXf-At, E-mai 1 

Fj f f5EtoFAX3g*ta;^s#i5fc^^< t 

i> cDTfo 0 , i-if(±JJ|#l|gt8T^i<7)7^^ybt 
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[00 17] 

T ? -fe X yXfASlflf^ -;t/T ? -fe ^SffiK-P t > 
T, Hiat^02S#!HUT^WtS. HI 14. *»S 
«com7 * -JUT 9±x yXfA«4*» j££*WC 
fcf), 1211 E-mai W^-JtS^J&S 

[0 0 18] 01 fc^-ti^ *»tM«FAXtH^| 
WfAli FAXS*10fc„ FAX[i!iyXfA2 
Ofc. E-mai lt-A30L »^«IS«4 0 fc . 
8l#«iS^aE -mail -/XfA 5 0 -^^flCO 
fl^£ffiS£^^4£#>C0fllS*'y 1 0 0 

fc, 4 Y200b. ?6 0fcjK>fl|j£$ 

frTUS. *>-X-fA^7flIffl;g-A(i^a<7)E-m 
a i 1 WfAt l/C, E-ma i lf-^3 0m 

^yhA*Bf*t*cv^. ^ »^miS«i4o*Fffi 

U f»MS£itE-ma i lyXfA3 0C7*^y 
b BSrEffiLT^S i>cob~t%> 0 I4.Tfc&«®*^ 

[0 0 19] FAX5S*1 0(4, *^X^A^flJffl*A 
aWffijfcTf lit & h F A Xffl*?* § . 

[00 20] FAXtH^^XTA2 0(±, E-mai 1 
^rt3O03frimkT%*7VY£tt]&LX. E-ma 
i E-mai 1 [zm^flfzP CC07-7°OV 

fc'COgsftfc*:? tJjUZFAXJ i?£3m 

U FAXffi*l OfcHS*? UV-9 1 oosriiit 

aj*-fS«lffi**-f-&. WW-mai 1 

IT-; <«0fflAT* ^ > b r fc Kit* t fc E - m a i 1 CO 

m^mm-vhv-t 1 o oeLitT^y^f^ 

^fc±0, E-mai lt-A'30, -f > 

b 2 0 0 , Ji^fS^ttE -m a i 1 yXfi. 

so. €fS^'/h , 7-^ioo&^fctii ; miSiS4o 

OE-mai It LTMEiii- 5«Sg^i"-6. 
[00 2 1 ] E-mai lt-^30(±, *IJ»&A#S 
tfMLTV^cO^ttcOE-ma i 
/P-*6 0£tfl/C>f 2 OOfcJgKSflX 

US. 

[00 22] flt^UfS^rttE-ma i 1 y^fA 5 0 
(4. ItbTLM r NTT DoCoMo j *sgffi fc USi-Modelf- 
t^co433r, »^mtS«tE-mai 1S:^3*S 

-9-- 1"^ it&mhmwx'h o , J§^mts«4 o ts-f 

|) E — m a i 1 cOMSff UltlfrftS . 
[0 0 2 3] =5riS, 02(4. flBf A#E-ma i 1 if 
-A'3 OtTgfft/tE-ma i 1 CO-KHcOH^S 


[0024] 0 1 MM2 mmtZ , #jU60lJ 

[002 5] flJffl#A(4. FJfM-fS^a^E-ma i 1 
-T-v \ 3 0 CO g ^ T CO 7# <7 V b A {Z i 'M L £ E - m 

a i i ^mm-htz^z^ m^nMA o*^fax^ 

i>Xf-A2 OtmiS^-fSo FAX!fcfji/Xf A2 0 

(4. M^fw^je^^t'^ffl^T. fra#A ns'Jt-s 

A{4«t^€tS«4 TJU*-tj^P Bh->X& 

ft&M<7)mm?-V. ^X7-b'£A#fSo FAX 
&1llsXT-J*2 0(4. Mffl#A£0jEJS^!8fS&^7-f S 

f!ffl#A(4. E-mai 1 cO|««f,SO^-t"Xn- F 

[0026] (?iR(4. lOC'i "i'.t '3&1 OfrcOE-m 
ai im^ifiTA^yYA^Zh^tzt-tht. FAX 
ffi^^Xr^2 0(4. E-mai 1 ^-A3 0 fr&jfW 
iA«E-ma i 1 1 0tt<OS«£. 8S#1|fS4 0 fcfcf 

i xmt\i&\mpX'Wmt& .. Willi-. 1 . i. i a\,t 

^XT^tfcfU lOffcOE-mai l^-fWlHt 
Wtg^tE-mai 1 ^ZT2±5 0cr>T*iy>h 

B^mmti wcom*m%im4 o &t> p b b-y-c- 

[0027] FAXtti^vXriA2 0i4, 12^-^1 
OffOE-ma i 1 ^-^ b/P-KSrE-ma i 1 C0*3t 
t LT. J*^»IS^aE-ma i 1 i^Xf A 5 0CD7# 
^ybBtjSaj-fi. flJffl*A(4» ; f«IS^±E-ma 
i 1 ^Xf-A5 OcOE-ma i 1 gHt9fttRlg& 
^VMm4 O^cOE-ma i 1 

«4 o xm 2 izTjk-fx i%s%%xc?>7*v>hAfcm 

HfeE-mai 1 «9 ? >f b /L — |gfi05||2**T # § . Z Z 

MFAXS*1 otMLTg^cor^^ybAts^ 

fcE-mai [ttC*ftJjtZ>tzMZ2m1jmt>mm 
X%h, 

[ o o 2 s ] m i <?rtmii, »^€IS«4 0*^ 

[S«FAXai^^XTA4 0&WtHtT. EttfjUfcU 
E-mai 1 CO 7 ^ -;kb 2 0 1 t^fut^**^ 
Mffl*Ai4. H*E-mai 1 — 1 
H^FAXS*1 0T"flllt«IIX/-C^E-ma i 1 
CO^^f b/l-£5i§SU l^3cOE-ma i 1 tfiA,iX^7 

4 -juy 2 o i co}i#&iaii-f-£ . 

[0029] fit. flJffl*A{4, «t^HfS4 0^F 
AXaj^^xA2 0t€IS&L. frfEfc^Itt^ffiT" 
fIffl#A«fJffl«SIES:||fttS . ^Ofl, ftJffl^A 
(4. FAXffi^-b'^«|g&S^t. IS'St^ilSS: 
f^SL. ^cO}i#&S^E-ma i 1COFAXS*10 

^co^&iff^o ^rfc. aacoas^^SE^-fufas^ 

E-mai iai*SSfcnri&r*S. E-mai 1 C0^ 

©S^TLfca, F A XSS*4 0 co«IS#-^Srfg^ 
flJffl#A!i^migti4 0 tFAX^^fA2 
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[0 0 3 0] FAXtfcFj^Xf A2 0{±, ffig&&m: 
ji#&S^E-mai ISrE-mai lf-A*3 0H 
KOftLT, ^cOFW£FAX-M-y>'^$rt&„ ^ 

mai 1C7)^^FAXS*1 OliZntXtH^Tti. £ 

<v-mmmz x o . fra^Af^hft^swocoFA 

XS*T'\ fllffi&AfcrgUfcE-ma i 1 CDrt^SfC 

[00 3 1 ]|g2^ffi(i. »S«f£«4 0C0£;-5E- 
ma i 1 OjSfifSfgfcffi^ »^«IS^±E-ma i 1 
WA5 0SgiUFAX[IJiWfA20(:FA 
XJfcftlO'S.Sfcfrt^S E-mai 1 t^^fi^ 
T&S. JUfcWCfi. WfrgAfi. 8&#m§S«4 0 Kg 
UfcE-ma i 1 <J0^-f Wt/-|tll£SI§5f*. ^^1*1^ 
£-£tr3Efl.X-A'*fft£U 02fcjj?$-*>f hit- 

^-jimvmmiio . fijffl*A«isL^^^^ h 

/l^jL^tt*:*^ V-?>M-^F2 02K, Witr 
fi7?7-? 'M' £#4t^ (l22tf>M<9%^ 51 
#0 2fc0 73&«i*l.(;S^S. ) . CLOttft^FAX 

stFAx«H*4 o^mts#^&iijpiBA-rs 0 

[00 32] -tcom, flJffl^AtiE -m a i 1 ^-A3 
OeOT^^VbAt, £Ofl*§*Ji#1tfS&4bE-ma 
i 1 ^^TA5 0Sr^LTiill-ri»o TH^VYKOM 
t&±9A h/l/-K^ -;l/i03Iff TcSSjfctKSSivC 

[0 0 3 3] FAXffij]yXfA2 0(±, -JgWEJWC 

7*^yhAtii|fLtE-ma i \ <?>fmzm&Lx 
us. r*^yhA(ci»t«iff^-^^EDtHL. 
^)gfi.*-/U7);M f-^-r^ v-? 'M* coft 

4£:h.fc*4 Wt-fcjL^Wfc*^ E-mai 
3 0 iDISS^E-ma i 1 SrKDffiLT. 

FAx-f^-yttm. mmtT'ik. mffigAfrt, 
* -jixm&tn-z f a xs* i o ^fss^tmis* 

MtFAX^-y^^iX/tE-ma i 1 
F A XS* 1 0 tZtt t T EB^J-t I. . 
[00 34] Jf^HiSSl^E -m a i 1 fflffl Lift 

com 2 vumzm ^xhzti^ co-atoiw^t ± d . 
Aii^^^fts o f a xs*-c-\ mm A £ 


[0035] 

[0036] 1 CDSMHi. 9htttfcXE -ma 

1 1 fcHBtS m^X %> . y-FPC. PD AJS*if o 

[0037] *%wcDm2commz. m^mmmttdt 
wm®mzimt2> j ~ f p c . pd mmom^m 
Mpmxhhtz^. wmhtzm^m^±< &u 

t^5ZtXfo&„ 

[ o o 3 8 ] 1 *hhh^3 «^n(i. «i# mis« 

tO^fi^T-t-fXcO^^^E-ma i It. PCOT 
- KTP-fe -y^t'T^tfL^ft^ T^UOF AXC 

itv^jztxhi. 

[ o o 3 9 ] t tz. *mm4 mm, 

«, o-fejf * u r -f -ran* mate & & 1 n 3 ; 1 
*. 

[W^*»^] 

[Hi ] ^BBco-na^Jcffisit^-^r^-t^^ 
[bd2] wm<r> ■•■MmmizgiMTt-ii r?-tx> 

10 FAXSS* 

2 0 FAX^y^fA 

3 0 E-mail f-A 

40 gm&tti 

5 0 *S^IS^itE - m a i 1 y-X-fA 

6 o 

100 flJS^vby-? 

200 AV9-^-vY 

20 1 E-ma i l<?)7-f-/FF 

20 1 E-mai l»?-^7^;l/F 

20 1 E-mai (^>fb/k) 
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